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SUMMARY
In this thesi3 we examine the risk of low birthweight, 
preterm delivery and changes in the distribution of birthweight 
standardised for gestational age related to ten maternal, socio- 
demographic and biological covariates available from routinely 
collected maternity discharge records. The information is 
considered in the form of categorised variables and is analysed 
using regression models adapted for use with categorical data. A 
second part of the thesis describes a classification of neonates 
based on a latent class model for eleven variables measured 
during the neonatal period.
Chapter 1 contains a review of the epidemiology of 
birthweight and gestational age, focusing on their relationship 
with the ten covariates and also with perinatal mortality.
In Chapter 2, the SMR2 and SMR 11 data collection schemes are 
described, and the variables used in the regression analyses and 
the neonatal classification are defined.
Chapter 3 introduces the binary logistic regression model 
and several approaches to examining the fit of the model. Ordered 
logistic regression models for polytomous response data and, in 
particular, the proportional hazards model for polytomous 
survival times are described. More general models, where the 
ordering is relaxed, are considered. A comparison is drawn with 
various methods related to fitting regression models to 
categorical data that were not used.
The first section of Chapter 4 summarises the main findings 
relating to the three perinatal outcomes. Later sections describe 
the results in more detail and examine the impact of changes in 
model assumptions for each outcome considered
xiv
Chapter 5 introduces and describes the latent class model 
for neonates. One to six class models are explored but problems 
with multiple maxima in the likelihood arose when four or more 
classes were fitted. The impact of missing data, the stability of 
the classification between 1978 and 1980, and the effect of 
repeating the analysis on random halves of the data are exmined 
for the three class model.
Chapter 6 discusses the use of SMR2 data in epidemiology, 
the results of the regression analyses and the cost of fitting 
regression models to categorical data. The neonatal 
classification is discussed in the second part of Chapter 6.
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GLOSSARY OF TERMS AND ABBREVIATIONS
ABORTION - A pregnancy terminated before the 28th week of 
gestation where the foetus showed no sign of life.
GESTATIONAL AGE - Measured in completed weeks since the first day 
of the last menstrual period.
INDUCED ABORTION - A pregnancy deliberately terminated before the 
28th week of gestation where the foetus shows no sign of life.
LIVEBIRTH - An infant of any gestational age which showed signs 
of life.
LGA - Large for Gestational Age, an infant above the 90th 
percentile of the birthweight distribution for its gestational 
age.
LMP - Last Menstrual Period.
MULTIPARAE - A woman in her second or greater pregnancy 
terminating in a live or still birth
NEONATE - An infant in the first month of life.
PARITY - The number of previous live or still births.
PERINATAL MORTALITY RATE - Stillbirths plus first week deaths per
1,000 live or still births.
PRETERM DELIVERY - A birth before the 37th week of gestation.
PRIMIPARAE - A woman in her first pregancy terminating in a live 
or still birth.
SGA - Small for Gestational Age, an infant below the 10th 
percentile of the birthweight distribution for its gestational 
age.
SMR2 - Scottish Morbidity Record 2, the maternal discharge 
record.
SMR11 - Scottish Morbidity Record 11, the neonatal discharge 
record.
xv i
SPONTANEOUS ABORTION - A pregnancy terminating spontaneously 
before the 28th week of gestation where the foetus showed no 
signs of life.
STILLBIRTH - An infant born after the 28th week of pregnancy 
which showed no signs of life.
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INTRODUCTION
At the discharge of every woman from Scottish obstetric 
services a document, the Scottish Morbidity Record 2 (SMR2), 
containing information about the mother and a summary of the 
health of her infant, is completed. Over 99 per cent of Scottish 
births take place in hospital and, during the fifteen years since 
its inception, the SMR2 data collection scheme has gradually been 
accepted by all hospitals so that its coverage in recent years is 
almost complete. A separate document, the Scottish Morbidity 
Record 11 (SMR11), covers the period between the birth and 
eventual discharge of a liveborn infant. The SMR11 scheme is a 
more recent innovation and not all hospitals return this 
information. The two sources of data provide an opportunity for 
epidemiological investigation of pregnancy outcome and neonatal 
morbidity in an annual population of approximately 65,000 
maternities in Scotland.
The relationship between three perinatal outcomes, 
birthweight, gestational age and birthweight standardised for 
gestational age and ten covariates from the SMR2 scheme, the sex 
of the infant, the height, the age, the socio-economic status and 
the obstetric history of the woman, are examined in a series of 
regression analyses. The data set is large, and a considerable 
reduction results from categorising the outcome variables to form 
binary and polytomous responses, and each covariate into two to 
four groups. Logistic regression models are used to analyse 
binary response data, and ordered logistic and proportioanl 
hazards models are considered for the polytomous responses. By 
modifying these latter models it is possible to describe a 
variety of changes in the distributional form of the response 
variable.
xviii
The first stage of the study examines the risk of 
birthweight below 2,500 gms, 2,000 gms, 1,500 gms and 1,000 gms 
in a series of binary logistic regression models. Several tests 
are made of the adequacy of the main effects logistic models. The 
significance of interactions are tested; residuals from the 
models are compared to simulated residuals; observed 
probabilities of birthweight below each outpoint are plotted 
against fitted probabilities; and goodness-of-link tests of the 
adequacy of the logistic link within a two parameter family of 
alternative link are performed. The association between the 
covariates and birthweight may be explained by association with 
either gestational age or birthweight standardised for 
gestational age, and these two mediating outcomes are the subject 
of the remaining regression analyses.
In the second stage, preterm gestational ages are treated as 
polytomous foetal survival times and are related to the 
covariates in a proportional hazards model. The proportionality 
assumption is investigated by plotting the logarithm of the 
weekly hazards of delivery for each level of the covariates; by 
including linear time dependent terms; and by allowing the 
hazards to vary freely for each preterm week of gestation. 
Covariate interactions are investigated in a binary regression 
model of preterm delivery. The approach of modelling the hazard 
of delivery is compared to a polytomous logistic regression model 
in which the covariates are related to the probability of 
delivery below each week of gestation, and to a binary logistic 
model of preterm delivery.
xlx
In the third stage, birthweight standardised for 
gestational age in categories defined by seven percentiles of the 
birthweight distribution at each gestational age is examined in a 
logistic regression model for ordered polytomous response data. 
The model assumes that the standardised birthweight distribution 
is stochastically ordered with respect to the covariates and the 
odds ratios of birthweight below all seven percentiles are 
constrained to be equal. The model is tested by relaxing the 
constraint so that odds ratios for each covariate in turn vary 
over the percentiles, while the odds ratios for other covariates 
remain constrained. These results are compared to the results of 
a series separate binary logistic regressions models for 
birthweight below each percentile, where odds ratios for all 
covariates vary simultaneously.
The analysis of gestational age was the first part of the 
study to be carried out and was based on one year of data, 1981. 
When the analyses of birthweight and birthweight standardised for 
gestational age were performed, data for 1982 were available and 
data for 1980 were also included to form a three year study 
period. Because fitting the models was expensive in computer 
time the analysis of gestational age was not repeated for the 
three year period. Before 1980 some of the information on the 
SMR2 scheme was less accurate and earlier years are not 
considered in any of the regression analyses.
xx
CHAPTER 1 : EPIDEMIOLOGY OF BIRTHWEIGHT AND GESTATIONAL AGE
1.1 Outcome Variables
1.1.1 Introduction
The last thirty years have been characterised by continuing 
falls in the stillbirth, first week death and perinatal death 
rates, as illustrated by the Scottish rates for 1950 to 1982 in 
Figure 1.1 (Registrar General Scotland, 1983). In 1950 the 
stillbirth rate was 26.9 and the perinatal death rate was 45.1 
per 1,000 live and still births. After a steady decline in 
perinatal deaths, the stillbirth rates during the years of this 
study, 1980, 1981 and 1982 were 6.5, 6.3 and 5.8, and the
perinatal death rates were 13-1» 11.6 and 11.5 respectively.
Perinatal death is now a rare event in Scotland and other Western 
nations, and attention has turned to other measures of infant 
health.
One of the most frequently studied pregnancy outcome 
variables is birthweight, providing a summary measure of foetal 
growth and the general health of the infant at the time of 
delivery. Birthweight is strongly influenced by the length of 
gestation, and these two outcome variables, along with a third, 
birthweight standardised for gestational age, are the subject of 
the regression analyses that are described in Chapters 2, 3 and 
4. The association between perinatal mortality and birthweight 
and gestational age is described for the Scottish population in 
section 1.1.2 and 1.1.3. Some general remarks about the 
measurement of/ gestational age and birthweight standardised for 
gestational age, and several difficulties surrounding the 
interpretation of birthweight standardised for gestational age 
are discussed. Later sections of Chapter 1 review the literature
1
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2
concerning the relationship between maternal, socio-economic and 
biological covariates and pregnancy outcome.
1.1.2 Birthweight
Table 1.1 demonstrates the strong association between 
perinatal mortality and birthweight, using rates calculated from 
Scottish singleton infants in 1980 to 1982. The perinatal death 
rate for infants of birthweight less than 1,000 gms was 758 per
1.000 live and still births, this comprised a stillbirth rate of 
281 per 1,000 births, and a first week death rate of 663 per
1.000 live births. The perinatal death rate fell to 391 for 
singleton infants of birthweight 1,000 to 1,499 gms, 148 in the
1.500 to 1 ,999 gms band, 35 in the 2,000 to 2,499 gms band, and 
remained in single figures for all higher birthweight bands, with 
only a slight increase for infants of birthweight greater than
4.500 gms. All three mortality rates for infants of unknown 
birthweight were high. Conversely, singleton infants of 
birthweight less than 1,000 gms comprised 0.2 per cent of births 
but 16 per cent of perinatal deaths, while singleton infants of 
birthweight less than 2,500 gms comprised 5.8 per cent of births, 
but 63 per cent of perinatal deaths.
In spite of the continuing fall in perinatal mortality there 
has been little change in the distribution of birthweight, Table
1.2 (Forbes & Mckellar, 1985). These figures are based on data 
produced by individual Health Authorities prior to 1974, and on 
SMR2 data in later years. The 1973 distribution from SMR2 is also 
available and shows a similar pattern to later years. It can be 
seen that, before 1974, the rate of birthweight below 2,500 gms 
varied between 6.6 and 7-5 per cent, but there did not appear to 
be a trend in the rates. From 1976 to 1982, ignoring the missing
3
TABLE 1.1
SCOTTISH SINGLETON STILLBIRTH, FIRST WEEK DEATH AND PERINATAL DEATH RATES 
BY BIRTHWEIGHT, 1960-82
Birthweight
Singleton
Births
Percentage
Distribution
Stillbirths, 
rate per 
1000 live and 
stillbirths
First week 
deaths, rate 
per 1000 
live births
Perinatal 
deaths, 
rate per 
1000 live and 
stillbirths
^  1000 gms .2 280.6 663.2 757.7
1000-1499 gms .6 182.5 250.1 390.8
1500—1999 gms 1.1 88.7 64.8 147.7
2000-2499 gms 3.9 23.2 11.9 34.8
2500-2999 gms 17.5 5.2 2.7 7.9
3000-3499 gms 38.9 2.1 1.1 3.2
3500-3999 gms 28.6 1.3 .8 2.2
4000-4499 gms 7.9 1.1 1.4 2.6
^ 4500 gms 1.2 3.0 1.3 4.3
Unknown .2 62,8 245.0 292.5
TOTAL 100.0 5,9 5.2 11.0
(Number) (201,624) (1,192) (1,032) (2,224)
From Scottish Health Statistics (1981, 1982, 1983)
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oases, the proportion of infants with birthweight below 2,500 gms 
varied between 6.6 and 6.8 per cent. This stability in rates is 
surprising, since there have been considerable changes in 
patterns of fertility, in relation to, for example, parity and 
maternal age. Alberman (1981) noted that between 1953 and 1975 
the proportion of English infants below 2,501 gms remained steady 
(between 6.4 and 7*0 per cent), in spite of an increase in 
maternal smoking between 1958 and 1970 which might be expected to 
result in a reduction in mean birthweight of 20 gms, or a 1 per 
cent increase in birthweight below 2,501 gms.
Although Scottish birthweight specific perinatal death rates 
have declined for all birthweight categories, Forbes et al (1982) 
found that the greatest reduction (52 per cent) between 1970 and 
1978 occurred amongst infants weighing over 2,500 gms. The 
decline for infants weighing under 1,500 gms (16 per cent) was 
much lower. Because of the higher rates of perinatal mortality 
amongst low birthweight infants, marginal changes in the 
birthweight distribution accounted for 13 per cent of the 
reduction in perinatal mortality between 1970 and 1978- In 1970 
infants weighing under 2,500 gms accounted for 58 per cent of 
perinatal deaths, by 1978 they accounted for 65 per cent. Further 
improvement in perinatal survival is increasingly dependent 
either upon reductions in the rate of low birthweight or in 
continued falls in perinatal mortality amongst low birthweight 
infants. For these reasons the aetiology of birthweight and 
antecedents of low birthweight in particular are of great 
interest.
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1.1.3 Gestational Age
Table 1.3 demonstrates the increasing rates of preterm 
delivery amongst singleton infants of decreasing birthweight. 
Approaching 95 per cent of infants with birthweight below 1,500 
gms were delivered preterm. The figure fell to 79 per cent for 
infants of birthweight 1,500 to 1,999 gms, 39 per cent for 
infants of birthweight 2,000 to 2,499 gms and, overall, the 
preterm rate was 5 per cent for all singleton deliveries. Table
1.4 shows the risk of stillbirth, first week death and perinatal 
death suffered by singleton Scottish infants of differing 
gestational age. The three sets of gestation specific mortality 
rates dropped markedly between the periods 28-30, 31-33, 34-36 
weeks of gestation and later deliveries. As with the birthweight 
specific mortality rates, the highest rates were only experienced 
by a small proportion of the population.
Gestational age is measured in completed weeks since the 
first day of the last menstrual period (LMP). Ovulation and 
conception are assumed to take place two weeks before the first 
day of the next expected menstrual period which is normally, two 
weeks after LMP. If the woman is not sure of her dates and for a 
variety of other reasons it is often difficult to obtain an 
accurate measure of gestation. Even when the date of LMP is 
available it may, for example when the menstrual cycle is 
prolonged or irregular, be inappropriate as a measure of 
gestation. One further difficulty is that monthly bleeding 
during early pregnancy may be confused with menstruation. Hall et 
al (1985a) list several reasons for absence of information on 
LMP, which included conception immediately following a previous 
pregnancy or during oral contraceptive use, and continual 
bleeding. Gestational age can also be estimated from ultrasound
7
TABLE 1.3
SCOTTISH SINGLETON PRETERM DELIVERY RATES BY BIRTHWEIGHT, 1980-82
Birthweight
Preterm Delivery 
per 1000 Live 
and Stillbirths
<1000 gms 931.3
1000-1499 gms 946.6
1500—1999 gms 790.0
2000-2499 gms 386.6
2500-2999 gms 81.7
3000-3499 gms 13.4
3500—3999 gms 3.5
4000—4499 gms 1.9
£4500 gms 2.2
TOTAL 50.6
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TABLE 1.4
SCOTTISH SINGLETON STILLBIRTH, FIRST WEEK DEATH AND PERINATAL DEATH RATES 
BY GESTATIONAL AGE (;g28 weeks), 1980-82
Gestational
Age
(completed 
weeks)
Singleton Births
Percentage
Distribution
Stillbirths, 
Rate per 1000 
Live and 
Stillbirths
First Week 
Deaths, Rate 
per 1000 
Live births
Perinatal 
Deaths 
Rate per 
1000 Life 
and
Stillbirths
28-30 .5 170.2 257.0 383.4
31-33 .9 127.2 79.1 196.3
34-36 3.7 9.5 15.4 50.9
37-38 14.1 6.7 3.4 10.3
39-42 79.4 1.8 1.3 3.2
2 43 1.3 7.6 3.5 11.1
TOTAL 100.0 5.9 3.8 9.7
(Number) (197,602) (1,160) (752) (1,912)
From SMR 2 1900-82
t
f
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measurements before the 20th week of gestation and from clinical 
observations soon after birth.
Buerkens et al (1984) found that infants of mothers with 
unknown LMP had higher risks of low birthweight which could, it 
was suggested, be a result of the poor socio-economic and 
demographic status of their mothers. Similarly Hall et al (1985a) 
found that the characteristics of women with uncertain LMP were 
generally less favourable than those with approximate or certain 
LMP. In a companion article (1985b), the same authors reported 
that uncertainty of gestation was a better predictor of several 
adverse pregnancy outcomes than social class, maternal age, 
marital status, educational status, smoking history and parity, 
and that it appeared to act independently of these maternal 
factors. They suggested that uncertainty of gestation may be 
identifying some additional behavioural or physical trait, and 
that exclusion of such cases from an analysis would bias the 
results. In the regression analyses of this study, births of 
uncertain gestational age were included in the analysis, but the 
role of uncertainty of gestation as a predictor was not 
investigated.
The majority of epidemiological investigations have examined 
gestational age dichotomised into preterm (defined variously as 
birth before the 36^ ,  37^  or 38^  week of gestation) and term 
or later deliveries. Since early work in the 1960fs (Shapiro et 
al, 1962; French & Bierman, 1962; and Mellin, 1962), some studies 
have used life table techniques to examine the distribution of 
gestational age. More recently, foetal life tables have been 
compiled by Bakketeig et al (1978) for competing outcomes, 
including foetal loss, and delivery preceding a first month or
1 0
first year death. Some studies using life tables seek to explain 
the association between prenatal care and premature delivery. 
The situation is complicated by the reduced length of time women 
delivering preterm have had to initiate prenatal care. Terris & 
Glasser (1974) found that the percentage of mothers having their 
first prenatal visit in each month of gestation amongst those 
still undelivered at the start of the month was substantially 
the same for premature and mature births, and concluded that the 
association between prenatal care and premature delivery was 
spurious. This was not the conclusion of Harris (1982) who found 
that mothers who received prenatal care did have lower risk of 
preterm delivery but could not eliminate the possibility that 
this was due to association of both variables with underlying 
maternal factors.
1.1.4 Birthweight Standardised for Gestational Age
Although preterm deliveries form a large proportion of low
birthweight infants (Table 1.3), the low weights of a substantial
group is not explained by shortened gestation. Low intrauterine
growth amongst these infants can result from various factors
(Chiswick, 1985), some cause symmetrical impairment of growth,
others assymmetrical impairment with affected infants tending to
be long and thin. Infants of low birthweight due to shortened
gestation and the group with abnormally low birthweight for their
gestational age, as a whole, have different prognoses during the
perinatal period and later. Neligan et al (1976) identified two
t hgroups, one of preterm infants born before the 37 completed 
week of gestation, the other of infants born too small, below the 
10^k percentile of the birthweight distribution for their 
gestational age. This latter group was further subdivided into 
infants below the 5^^ percentile for comparison to the preterm
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infants who formed approximately five per cent of the
population. At six to seven years of age the groups were compared
with respect to various language, IQ, behavioural, neurological
and size measurements. In all but one instance there were
increasingly adverse scores from the controls, the infants born
between the 10^ and 5th percentiles to the infants below the 5th
percentile of the birthweight distribution. On all scores the
five per cent of preterm infants scored better than the five per
cent with birthweight below the 5^h percentile. The authors
reviewed several other reports and concluded that both groups of
infants experienced increased risk of subsequent impaired
t hdevelopment but that the group of infants below the 5 
percentile were at greater risk. A preterm infant, they 
suggested, with otherwise normal intrauterine growth pattern can 
develop normally if he can avoid neonatal complications but a 
child whose birthweight is below the 5*^ percentile has already 
suffered seriously impaired growth and his later development may 
also be affected.
The most commonly used approach to the identification of 
infants with an abnormally low rate of foetal growth is 
comparison to birthweight standards. Thomson, Billewicz & Hytten 
(1968) presented some of the first British birthweight standards 
based on over 50,000 births in Aberdeen during the years 1948-64. 
More recently, standards based on Aberdeen data have been 
published by Carr-Hill & Pritchard (1985), and on Scottish data 
by Smalls & Forbes (1983). Birthweight standards can be 
constructed by assuming the birthweight distribution at each 
gestational age is Normal, and estimating age specific means and 
standard deviations so that percentiles for each gestational
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age can be deduced using standard Normal deviates. A second 
method of preparing birthweight standards, involves the direct 
estimation of percentiles of the distribution at each gestation. 
Standardisation for other factors that are known to affect the 
birthweight distribution is often required. In the first approach 
this may be done by calculation of increments to be added to the 
mean of the birthweight distribution for each standardising 
factor. Alternatively, and for either approach, separate tables 
within appropriate sub-groups of the obstetric population can be 
prepared. Large numbers of births need to be available in order 
to obtain reliable estimates of the birthweight distributions at 
low, infrequently occurring, gestations.
Birthweight standards accurately reflect only the population 
from which they were calculated. The birthweight distribution 
varies across countries, races, populations at different heights 
above sea level and many other factors. If there are secular 
trends in the distribution of birthweight and gestational age the 
standards may require frequent revision. For example, Carr-Hill & 
Pritchard (1985) noted that between 1951-55 and 1976-80 the 
proportion of preterm births fell in Aberdeen, within this group 
however, there was a trend to lower birthweight. There are 
several points for consideration when deciding which standards 
are most appropriate for a given application. For clinical 
decision making it may be sensible to standardise for known 
correlates of birthweight that are not thought to be associated 
with impaired development. For research purposes the choice 
depends on which variables are of primary interest. If the 
standards are controlled for factors other than gestational age, 
any interaction between the primary and controlled variables 
cannot be examined, and results might be misleading if the
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variables of primary interest are associated with birthweight 
through the standardised variables.
Birthweight standardised for gestational age amongst preterra 
infants cannot be interpreted as a measure of normal intrauterine 
growth. The birthweight of an infant born preterm may be very 
different from that of a foetus of the same gestational age that 
survives in utero to later pregnancy. Birthweight percentiles are 
often based on all livebirths, but the fact that an infant is 
delivered preterm, is itself an indication of a poor pregnancy 
outcome. Birthweight was found to be substantially lower within 
gestational age groups amongst infants who died from several 
causes as neonates, than amongst control infants who survived 
the neonatal period (Naeye & Dixon, 1978). The causes of neonatal 
death were chosen because they were not excluded from earlier 
growth standards. A better approximation to intrauterine growth 
may be obtained by removing deaths, and other critical conditions 
from the standard population, but this would leave few infants at 
early gestations. Standardising for gestational age is not 
necessarily beneficial for prediction. Hellier & Goldstein (1979) 
showed that while infants with extreme values of both gestational 
age and birthweight standardised for gestational age experienced 
increased risk, birthweight alone was a better predictor of 
perinatal mortality than either. The causal hypotheses behind the 
construction of standards of birthweight for gestational age was 
questioned by Wilcox (1981). If achieved birthweight prompts 
delivery, then measuring extreme gestational age for given 
birthweight would be a more natural construct, and variables 
defined in this way have been considered in several studies 
(Hoffman et a l , 1974; Paneth et al, 1 982). Wilcox also
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illustrated how a hypothetical factor associated with both lower 
birthweight and gestational age may result in higher birthweight 
for preterm deliveries but lower birthweight for term deliveries.
1.2 Maternal, Socio-economic and Biological Correlates of 
Perinatal Outcome
1.2.1 Introduction
Three major surveys, the National Survey of Health and
Development (Joint Committee, 1948), the British Perinatal
Mortality Survey (Butler & Alberman, 1969), and the British
Births Survey (Chamberlain et al, 1975) have established patterns
of risk of low birthweight and preterm delivery associated with
maternal, socio-economic and biological covariates in Britain.
The most detailed analysis was performed on data from the second
survey, in which information on all births in England, Wales and
r d thScotland during the week of the 3 -9 March 1958 was collected
for administrative, obstetric and socio-biological research. This 
section comprises a review of risk factors of low birthweight, 
preterm delivery and the birth of an SGA or LGA (small- or large- 
for-gestational-age) infant, identified in the report of the 1958 
survey. Later sections contain a more detailed description of 
the association between pregnancy outcome and the covariates 
considered in this study.
An examination of the rates of birthweight below 2,501 and
2.001 gms in the 1958 survey showed that infants of both 
teenagers and women aged over 35 years were more likely to be of 
lower birthweight, as were the infants of single women, and 
substantial gradients of increasing risk were associated with 
decreasing social class and maternal height. Mean birthweight 
increased with maternal age, parity, social class, and height,
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while lower mean birthweight was observed amongst infants of 
smokers and single women. In an analysis of covariance of 
birthweight adjusted for various maternal characteristics 
including smoking and pre-eclampsia (an adverse condition which 
may arise during pregnancy), the impact of maternal age and 
social class was reduced to borderline significance. Peters et 
al (1983) compared identical analyses of covariance of the 1958 
and 1970 survey data, and found that the same four factors, 
height, parity, smoking and pre-eclampsia, were predominant in 
both years.
Women of age less than 20 years or greater than 34 years in 
the 1958 survey had higher rates of preterm delivery than the 
other age groups, as did women with none or two or more births, 
compared to women with only one previous birth. Increasing rates 
of preterm delivery were associated with decreasing social class 
and maternal height. Several covariates were related to 
birthweight controlled for gestational age. Analyses of variance 
including gestational age as a covariate indicated that male 
infants had higher mean birthweight than females, and increasing 
mean birthweight was noted with increasing parity, maternal 
height and higher social class. Interactions of each covariate 
with gestational age were tested and were mostly non significant. 
The distributions of the maternal covariates for infants less 
than two standard deviations below the mean birthweight for their 
gestational age were compared to the distributions for all 
infants. Higher percentages of primiparae, mothers aged less than 
20 years, and mothers in social classes IV and V and of short 
stature were observed for the light for dates infants.
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1.2.2 Sex of Infant
Several investigators have noted a reversal of risks 
associated with sex of infant, male infants having higher mean 
birthweight than female infants, but female infants having 
longer gestations. Hall & Carr-Hill (1982) reviewed several 
reports of Increased rates of preterm delivery amongst male 
infants and Investigated possible explanations. The higher rates 
amongst males did not appear to be due to induction or elective 
caesarean section, because the boys were delivered spontaneously 
more often than the girls. It was suggested that the greater 
weight of male infants advanced their production of hormones 
which may effect the onset of labour.
1.2.3 Social Class
Social class is usually based on paternal occupation, and, 
except for certain occupations involving toxic substances, is 
unlikely to have a direct causal influence on pregnancy outcome. 
Illsley & Mitchell (1984) explain the biological significance of 
social class as a summary variable for a wide range of background 
characteristics of the mother and family, including per capita 
income, area of residence, housing conditions, educational level 
and nutritional and health status, all of which are highly 
intercorrelated. It is difficult to identify specific social 
factors in the aetiology of poor outcome. Individual correlations 
between these factors and poor perinatal outcome are largely 
reduced to insignificance when controlled for the general measure 
of social class based on parental occupation. The importance of 
social class lies in its ability to encapsulate the exposure of 
the mother to past experiences during childhood and adult life 
that have affected her biological functioning as a reproductive 
agent.
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1.2.4 Maternal Height
Epidemiological studies have repeatedly demonstrated a 
strong relationship between maternal height and birthweight, and, 
in some reports, preterm delivery. Although there is an obvious 
genetic explanation of the relationship between maternal height 
and birthweight, other causal mechanisms could also be at play. 
Baird (1985) reviewed stillbirth rates amongst social class IV-V 
mothers from 1950 to 1980. He suggested that food rationing 
policy, started during the war, had produced better nourished 
mothers and laid the foundations for the improvement in the 
stillbirth rate amongst their offspring born in the 1960*3. He 
also examined histories of women in Aberdeen who delivered a low 
birthweight infant, which could not be explained in terms of 
obstetric complications, maternal disease or foetal deformity. 
The mothers and grandmothers of unexplainably low birthweight 
infants were more likely to be short, of light body build and of 
poor health than the mothers and grandmothers of explainably low 
birthweight infants. A concentration of the grandmothers of 
unexplainably low birthweight infants were born between 1930 and 
1932, the years when the depression was at its worse. These 
findings suggest that maternal height may, in part, be a 
reflection of poor nourishment during infancy, and, more 
generally, of family background and social environment.
1.2.5 Obstetric History
A previous spontaneous abortion or perinatal loss, and the 
birthweight and gestational age of the immediately preceding 
sibling have been identified as risk factors for poor perinatal 
outcome in many studies. For example, birthweight below one 
standard deviation below mean birthweight in the previous
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pregnancy was associated with increased risk of an SGA infant but 
decreased risk of an LGA infant, while an elder sibling's 
birthweight above one standard deviation above mean birthweight 
was associated with decreased risk of an SGA infant but increased 
risk on an LGA infant (Ounsted et al, 1985). Van den Berg & 
Oechsli (1984) found increased risk of preterm delivery following 
foetal death, preterm delivery, or low birthweight. Amongst 
3,502 British women doctors, mean birthweight of infants to women 
whose only previous pregnancy had ended in a spontaneous abortion 
did not differ significantly from either first births or second 
births following a livebirth, but mean birthweight following two 
spontaneous abortions was significantly lower, and mean 
birthweight following three spontaneous abortions was lower still 
(Alberman et al, 1980). Birthweight in pregnancy preceding a 
spontaneous abortion was also examined by Alberman et al, and was 
slightly lower than preceding a livebirth, suggesting that women 
whose pregnancies ended in a spontaneous abortion were at some 
form of disadvantage in the earlier pregnancy.
Bakketeig, Hoffman & Harley (1979) examined the tendency to 
repeat a specific birthweight and gestational age combination in 
successive pregnancies. A grid of birthweight in 500 gms 
intervals and gestational age in three weekly-intervals was used 
to define the pregnancy outcomes. The relative distribution of 
second births across the compartments of the grid for women whose
’4
first birth was in a specified area of the grid was calculated 
by dividing the relative frequency for the specified women by the 
overall relative frequency of second births. In all cases the 
highest frequency ratios were observed in the compartments of the 
grid close to the birthweight and gestational age of the 
specified earlier births. In particular, women with a previous
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SGA or LGA infant had a relatively high chance of repeating 
their previous pregnancy outcome. The authors also examined third 
pregnancies following specific perinatal outcomes in the first 
and second pregnancy. Each outcome examined (pre- and post-term 
delivery, low and heavy birthweight) was most likely to occur in 
a third pregnancy following two similar pregnancies and least 
likely to occur if neither of the two previous pregnancies ended 
with the outcome. If one but not both of the first two 
pregnancies had ended with the outcome, it was most likely to 
recur in the third pregnancy if the second rather than the first 
pregnancy was similar.
In a subsequent article, Bakketteig & Hoffman (1983) 
investigated the risk of perinatal mortality related to the 
tendency to repeat birthweight and gestational age. Amongst 
second births in birthweight categories £1,500 gms and 1,501-
2,000 gms, infants were at lowest risk of perinatal death if 
their elder siblings were in the same birthweight category, and 
at higher risk if the elder sibling was either lighter or 
heavier. For the higher birthweight categories of second births, 
the infant had lowest risk if its elder sibling was of slightly 
lower birthweight. The analysis was also repeated for birthweight 
standardised for gestational age in five categories. A similar 
pattern emerged with, however, one exception. Second births above 
the 90th percentile were at highest risk of perinatal death if 
their elder sibling was also above the 90th percentile.
1.2.6 Previous Induced Abortion
Although there is a large international literature 
concerning the relationship between induced abortion and 
subsequent reproduction no general pattern of risk has emerged.
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Hogue et al (1982), in a comprehensive review of reports on the 
sequelae of medically induced abortion, concluded that there was 
no risk of shortened gestation but that low birthweight was more 
frequent after abortion performed by dilatation and curretage 
under general anaesthesia. However, the studies were carried out 
in many countries where clinical practice varied, and induced 
abortion had different legal status and degrees of cultural 
acceptability. Within individual countries there may have been 
increased risk following induced abortion which were not 
augmented by similar findings elsewhere.
Two study designs are used for examining risk following 
induced abortion. Firstly, in an abortion cohort design, a group 
of women who are identified at the time of an induced abortion 
are followed prospectively. The comparison group in this design 
may be defined as women who did not have an induced abortion or 
women delivering a full term birth. The effective size of these 
studies when examining pregnancy outcome (rather than fertility), 
is not the number of women recruited, but the number who become 
pregnant within the follow-up period. In the second, pregnancy 
cohort designs, any previous induced abortions are noted amongst 
women who become pregnant within the period of the study. These 
designs are usually of limited value when studying fertility and 
early spontaneous abortion because information on women failing 
to acheive a further pregnancy is not available and women may not 
report all abortions.
Harlap et al (1979) used a life table to examine the risk of 
first and second trimester (the first and second three months of 
pregnancy respectively) spontaneous abortion following an induced 
abortion. The study was based on 32,000 members of a health plan 
who attended their first prenatal visit between 1974 and 1976 in
Northern California. No increase in risk was found for multiparae 
after adjusting for maternal age. Primiparae with a history of 
induced abortion did suffer increased risk, particularly during 
the second trimester and the relative risk following two or more 
induced abortions was significant. Although it was not known 
where, or by what method previous pregnancies had been 
terminated, in 19T3» hospitals within the health plan changed 
from performing terminations by dilatation and currettage to 
the use of laminaria tents. The excess of risk in primiparae was 
found mainly amongst women with an induced abortion performed 
before 1973.
Most studies of pregnancy following induced abortion using 
British data rely on small numbers of women. In a hospital based 
study of 211 secundagravidae whose first pregnancy ended in a 
legal termination, Richardson & Dixon (1976) used as a control 
group women whose first pregnancy had ended in spontaneous 
abortion. There were significantly more first and second 
trimester abortions and preterm deliveries amongst cases than 
controls. Another British study (Mackenzie et al, 1977) compared 
204 pregnancies in women (contacted through a postal questionaire 
with a 69 per cent response rate) who had a history of abortion 
induced by prostaglandins with a control group of women with no 
previous induced abortions. The study revealed increased risk of 
spontaneous abortion following induced abortion, but no 
difference in birthweight or gestational age in third trimester 
deliveries. More recently, Frank et al (1985) have reported 
initial results from an abortion cohort study of 745 pregnancies 
to women whose index pregnancy ended in an induced pregnancy, and 
1)339 control pregnancies to women whose pregnancy was unplanned.
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There was some suggestion of increased risk of spontaneous 
abortion, stillbirth, preterm delivery and low birthweight 
amongst women with a previous induced abortion, but, possibly 
through lack of sufficient numbers in the study, none of these 
results was significant.
1.2.7 Differential Fertility and Parity Effects
Through use of the pill and other contraceptive methods 
women can exercise considerable control over their fertility. 
Billewicz (1973) demonstrated a trend in fertility following 
unsuccessful (defined as a spontaneous abortion or perinatal 
death) and successful pregnancies. Women of a given pregnancy 
order who had no further pregnancies had a higher percentage of 
previous successful outcomes than those who continued to a 
further pregnancy. The lowest rate of unsuccessful outcome was 
experienced by women in their final pregnancy. This suggests that 
women with poor reproductive histories compensated for previous 
losses by initiating a further pregnancy, and were thus more 
likely to reach higher pregnancy orders than women with good 
histories. Frank et al (1985) even found a higher continuation 
rate amongst women whose foetal loss had been an unplanned 
pregnancy. Interpregnancy intervals are shorter following a 
stillbirth than a livebirth (Resseguie, 1973; Bjerkedal & 
Erikson, 1983). Leridon (1976), however, found a different 
pattern in a study of two groups of women, one near Paris the 
other in Martinique. In both groups pregnancy continuation rates 
were higher following livebirths than stillbirths. In Martinique 
there was little control over fertility, and the result could be 
due to higher rates of sterility following a poor outcome. The 
results from women near Paris suggest that poor outcome may 
discourage some women from further pregnancy. Strobino et al
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(1980) found that the interval between ceasing birth control and 
conception was 50 per cent longer for a group of women with a 
history of spontaneous abortion than in women with no such 
history. These latter results do not, necessarily, contradict 
the reproductive compensation theory, which, involving the time 
between a previous delivery and the following conception or 
birth, should be largely influenced by a woman’s desire for a 
further pregnancy.
Self selective differentials in fertility together with the 
tendency to repeat a poor pregnancy outcome, have a major impact 
on the interpretation of cross-sectional and longitudinal studies 
of perinatal outcome with respect to parity. Cross-sectional 
analyses tend to reveal a J-shaped pattern of risk associated 
with increasing parity. The first pregnancy is found to be at 
high risk, the second and third at lower risk and thereafter the 
risk increases with increasing parity. The patterns of risk found 
in longitudinal studies are typified by two studies, of
perinatal mortality and preterm birth (Bakketeig & Hoffman, 
1979; 1981). Risk was found to increase with increasing completed 
sibship size; within sibships of a given size, however, the risk 
decreased with parity and was lowest for the final birth. In the 
cross-sectional studies a larger proportion of women with poor 
pregnancy histories make up a disportionate number of the women 
at higher pregnancy orders thus raising their apparent level of 
risk. While in the longitudinal analyses of completed sibships 
the lowest rates for final pregnancies reflect the tendency to
complete childbearing with a successful pregnancy.
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In a computer simulation where all pregnancies had equal 
chance of ending in a foetal loss, Golding et al C1983) studied 
bias in pregnancy order effects from cross-sectional and 
longitudinal forms of analysis. All pregnancies were subject to 
a desired family size, simulated for each woman from a given 
distribution, and all women were further assumed to suffer a 
constant rate of sterility following each pregnancy. The 
simulation showed that while the longitudinal approach revealed a 
decreasing risk of foetal loss with increasing pregnancy order, 
It was the cross-sectional approach that replicated the true 
constant rate of foetal loss at each pregnancy order. Roman 
(1984) expanded the assumption of constant risk of foetal loss 
at each pregnancy order and assumed a mixture of two groups both 
with constant but different rates of foetal loss. This led to an 
apparent variation in rates at each pregnancy order, and by 
futher manipulations of the distribution of desired family size 
the cross-sectional approach produced the traditional J-shaped 
pattern of risks with increasing pregnancy order. The results of 
one simulation study (Wilcox & Gladen, 1982) suggested that the 
increasing risk of spontaneous abortion associated with 
increasing gravidity could be explained by an underlying risk 
that was constant for each woman but varied in the population 
according to a Beta distribution, a distribution of desired 
family size and an effect due to increasing maternal age.
It is not just the number of previous adverse pregnancies 
that is associated with current outcome. The order in which 
outcomes occur is also important. Leridon (1976) and Roman et al 
(1978) suggest that the risk of foetal loss should be studied for 
specific combinations of previous pregnancy outcomes. Both 
studies showed that the lowest rates of foetal loss at any
25
pregnancy order were amongst women with no previous losses, while 
all the previous pregnancies of the group experiencing the 
highest■rates had ended in foetal loss. Yudkin & Baras Cl 983) 
controlled for parity, the presence of previous poor outcomes and 
a short interpregnancy interval in a logistic regression model. 
The greatest risk of poor pregnancy outcome was associated with 
first birth, the risk fell for second births and thereafter it 
increased, but not significantly, with increasing parity. In this 
study risks in pregnancies following three or more livebirths 
are controlled for previous perinatal death and spontaneous 
abortions, and might be expected to be similar to Yudkin & 
Baras's results.
1.2.8 Maternal Age
There is c o n s i d e r a b l e  a m b i g u i t y  concerning the 
interpretation of maternal age effects on perinatal outcome. 
First f an inescapable association between maternal age and 
parity, obscures the separate effects of these two ageing 
processes. To avoid the problems of self-selection to higher 
pregnancy orders and maternal age, Resseguie (1974) examined 
pregnancies to Amish women, amongst whom, it is thought, 
successful and unsuccessful reproducers alike continue to higher 
pregnancy order. Minimum rates of spontaneous abortion and 
stillbirth were experienced by Amish women in their early 
thirties, but the rates were not statistically different from 
those of women in their early twenties. The minimum risk of 
foetal loss was thus experienced considerablly later than 
traditional analyses have suggested. Results for pregnancy order 
were not reported.
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The interrelationship of maternal age and secular trends in 
risk also confuses the interpretation of age effects. Baird 
(197*0 examined births in Aberdeen in five year groups in the 
period 19^8-72 in relation to the year of mother’s birth. The 
risk of low birthweight amongst mothers of different ages in the 
five year time periods coincided fairly accurately with the 
hypothesis that mothers born between 1929-37, the years of the 
industrial depression, should be at highest risk. Resseguie 
(1976) has shown that decreasing stillbirth rates can seriously 
distort the maternal age association in cross-sectional analysis. 
Curves displaying the stillbirth rates in first births to mothers 
at increasing ages were based on the prospective experience of 
cohorts of women aged 20 in each of the years 1951 to 1967. The 
curves revealed that the minimum risk of stillbirth was 
experienced at around 25 years of age within each of the cohorts. 
Examining the same data but plotting stillbirth rates with 
increasing maternal age cross-sectionally for each of the years 
1951 to 1967 suggested that the minimum risk was experienced by 
younger women aged around 21 years. A similar disparity between 
the age of minimum risk was also found for second and third 
births. In choosing to delay childbearing, women also postponed 
the calendar year of their pregnancies, and the older women in 
the cross-sectional analyses belonged to earlier cohorts which 
were at higher risk. The study presented here is not likely to 
be affected by this type of distortion since the rate of low 
birthweight has not changed appreciably within the last thirty 
years.
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A further paper by Resseguie (1977) investigated the 
decision to begin childbearing related to a woman's educational 
status. The age of minimum risk of stillbirth in first pregnancy 
increased with increasing educational class, women experienced 
minimum risk when aged less than 20 years in the lowest 
educational class, but approaching 30 years in the highest 
educational class. The overall pattern of association with 
maternal age did not correspond to that experienced by women of 
any one educational class. The fact that the patterns of risk 
varied with educational status led the author to suggest that a 
social and not a biological process was being represented by 
maternal age. Women who had their first pregnancy substantially 
later than the mean for their educational class experienced 
higher risk of stillbirth and may represent a stillbirth-prone 
group who would have higher risk at any age.
1.2.9 Predictive Scores for Perinatal Outcome
The association of maternal and socio-economic variables 
with perinatal outcome has led to their inclusion in risk 
assessment systems. Fortney & Whitehorne (1982) review a number 
of risk scores for perinatal mortality, preterm delivery and low 
birthweight. The criteria used for comparison were sensitivity 
(the percentage of cases corrrectly classified), specificity (the 
percentage of non-cases correctly classified), and false positive 
and negative rates. The percentage of women classified as at risk 
by the various scores ranged from 12 to 69 per cent, whilst the 
sensitivity varied between 25 and 97 per cent and the false 
positive rate between 17 and 96 per cent, demonstrating that 
these scores may not perform well. In a paper reviewing risk 
scores for various pregnancy outcomes, Newcombe & Chalmers (1981) 
examine the contribution to predictive power of variables
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measured at different stages of pregnancy. Their criterion for 
comparison was the estimated probability that if two pregnancies 
are chosen at random, one delivering preterm and the other 
delivering term, the former will have received the more 
unfavourable score. Scores with highest prediction probability at 
given stages of pregnancy were tabulated. Amongst the scores for 
use in early pregnancy, the best performer had probability 0.75, 
predicting stillbirth, at 6 months the best performance 
probability was 0.80, for low birthweight, the best prenatal 
predictor, of neonatal death, had probability 0.95 and an 
intrapartum (during delivery) predictor of perinatal death had 
probability 0.96. These figures demonstrate that predictive power 
improves as the pregnancy advances and the presence or absence 
of adverse factors in later stages of the current pregnancy can 
be incorporated in the score. Predictive scores formulated for 
use in early pregnancy rely on detailed information concerning 
maternal illness and obstetric history. The SMR2 scheme is 
limited in these area, and is thus unlikely to provide a 
satisfactory risk score for perinatal outcome.
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CHAPTER 2 : SCOTTISH MORBIDITY DATA AND THE DEFINITION OF-STUDY
VARIABLES
2.1 The Scottish Morbidity Record 2 (SMR2)
2.1.1 Introduction
The SMR2 scheme was introduced in the late 1960's to unify 
the collection of administrative and diagnostic information at 
the discharge of women from hospital maternity services. 
Clerical staff at hospitals abstract information from each 
woman's medical record onto a form designed for ease of transfer 
to computer. Completed SMR2 documents are sent to the 
Information Services Division of the Common Services Agency in 
Edinburgh which collates the data for administrative uses by the 
Scottish Home and Health Department and for distribution to local 
Health Boards. Data for the annual obstetric population is 
available for research purposes and arrives, in our case, on a 
magnetic tape containing individual information from each woman 
who delivered a stillbirth during or after the 28th week of 
gestation or a livebirth.
2.1.2 Format of the SMR2 Document
A copy of the SMR2 document used during 1980-82 is included 
in Appendix 1. The first section of the record contains general 
information about the mother, her age, marital status and her 
own occupation as well as that of her husband. A summary of the 
woman's obstetric history comprising the number of previous 
pregnancies, spontaneous and induced abortions, perinatal deaths, 
caesarean sections and children now living makes up the second 
section. A section on the current pregnancy contains maternal 
height, LMP, estimated gestational age, certainty of gestation, 
administative and other information. The record of labour
30
comprises the number of births, the outcome of the current 
pregnancy (stillbirth, first week death or first month death), 
birthweight, sex of the infant, and further details of the 
labour. The final two sections contain the type of care the 
infant received, and provision for coding type of operation and 
clinical diagnostic information pertaining to the mother and her 
pregnancy. These two sections are not considered further here.
2.1.3 Coverage
The coverage of the SMR2 scheme can be established by 
comparison with the Registrar General’s report of births in 
Scotland, the most accurate estimate of births available. The 
coverage figures in this section refer to the number of SMR2 
births as a percentage of the Registrar General’s total births. 
Cole (1980) reported an SMR2 coverage of 63.4 per cent in 1969, 
the first year for which the SMR2 scheme was in operation, by 
1977, the last year Cole reviewed, the figure had risen to 99.6 
per cent. Between 1980 and 1982, the years on which the following 
analyses are based, the coverage was around 98 per cent (Table 
2 .1).
2.1.4 Validity
The process of collecting the information for the SMR2 
scheme introduces the possibility of various types of error in 
the completed document. Clinical staff may fail to observe 
symptoms, or only record severe cases of a clinical condition 
depending on hospital practice. The measurement of continuous 
variables, such as birthweight, may involve error. Some SMR2 
information is elicited from the mother who may misunderstand the 
question, fail to recall salient facts or give deliberately 
misleading replies. Cole (1980) recognised this possibility and,
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TABLE 2.1
COVERAGE OF SMR2 1980-82
YEAR (1) SMR2 Births (2) Registrar General 
Births*
{1) As Percentage 
of (2)
1980 67748** 69355 97.7%
1981 68515*** 69490 98.6%
1982 65585*** 66582 98.5%
1980-82 201848 205427 98.3%
* Figures from Table Al.l of the Annual Report of the Registrar 
General Scotland 1983.
** 1980 SMR2 data based on singleton deliveries. Total births
estimated using Registrar General's figuresfor twins and 
triplets.
*** 1981-82 SMR2 data based on all maternities. Total births
estimated using Registrar General’s figures for twins and 
triplets.
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noting a 1.2 per cent excess of legitimate births on SMR2 
compared to the Registrar General's tables, observed that a 
woman's statement of her marital status was rightly taken at face 
value. Macintyre (1978), in a study of interviews at an antenatal 
clinic where some information recorded on SMR2 is collected, 
describes how the attitudes of the staff or their construction of 
questions, particularly when interviewing women of different 
social class, can influence the reply given by the interviewee.
Transcription error when SMR2 information is abstracted from 
unstructured medical records by clerical staff may also be 
anticipated. On receipt of completed SMR2 forms, the Information 
Services Division carries out a series of computer checks before 
the data are released. Internal inconsistencies, such as reported 
cases of women suffering from exclusively male conditions, are 
queried with the originating hospital. These and other 
examinations of the validity of SMR2 information have lead to 
attempts to improve and standardise coding practices across 
hospitals.
Cole (1980) reported a comparison of 38 items of information 
describing 1,000 individuals collected, firstly, during the 
Scottish Survey of Perinatal Deaths and again in the SMR2 
scheme. About 90 per cent of the items agreed between the two 
sources. The discrepancies were in a few items where the meaning 
of the question may have been confusing, and could have resulted 
from errors on either the SMR2 document or in the survey. More 
precisely defined items had a higher agreement rate of about 98 
per cent. Finally, comparing SMR2 with data from the Registrar 
General, Cole found that there was good agreement between the 
maternal age distribution from the two sources.
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2.1.5 Validity of History of Induced Abortion
One item of information on SMK2, the woman’s statement of 
her history of induced abortion, may be particularly prone to 
error. Some impression of the accuracy of the SMR2 rates of 
previous induced abortion, in 1981 for example, can be obtained 
by comparison with age-specific rates of induced abortion in the 
general population during the years preceding 1981. Assuming 
that women in the obstetric population experienced the 
population rates of induced abortion in earlier years, that 
young women, aged under fifteen years, did not have induced 
abortions and that the probability of a woman having no previous 
abortions was the product of the probabilities of women her age 
having no abortions in each of the previous years, expected rates 
of a history of one or more induced abortions in 1981 were 
calculated for women in yearly age cohorts. Prior to 1969 
induced abortion was illegal in Britain and two sets of figures 
were prepared for older women with this in mind. First, the 1969 
age-specific rates were applied in earlier years and, secondly, 
rates of induced abortions were assumed to be zero before 1969* 
Figure 2.1 gives the results of the comparison for women aged 15 
to 30 in 1981. Amongst women aged under twenty in the obstetric 
population there were more reported induced abortions than 
expected, while fewer women aged over 23 reported a history of 
induced abortion than expected. The comparison for women aged 
over thirty, not given here, showed that SMR2 rates of a history 
of induced abortion were also lower than expected and that the 
difference increased with age. Overall, however, the comparison 
is reassuring. One assumption underlying the expected rates can 
be seen from Figure 2.1 to be unjustified, since observed rates 
show that some women aged under fifteen do report a history of
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induced abortion* The assumption that the proportion of women 
with no induced abortions in the obstetric population is the 
product of age-specific annual rates of no induced abortion in 
the general population is probably also unjustified. Women still 
childbearing in their thirties may have had fewer pregnancies in 
earlier years, while young mothers may be more fertile and hence 
have higher chances of a history of induced abortion.
2.1.6 Distribution of Birthweight and Gestational Age by 
Certainty of Gestation
The SMR2 document contains an estimate of gestational age 
made by the obstetrician on the basis of LMP, ultrasound and 
clinical judgement. These estimates are made for all cases and 
cases with gestations <27 and >_43 were grouped before the data 
were made available. Table 2.2 contains the crosstabulation of 
birthweight, in 500 gm intervals, by estimated gestation. With 
the exception of a few isolated cells, with low frequencies, the 
majority of the data follow the expected pattern, lying on the 
diagonal from low weight, short gestational age infants to heavy 
and late infants. Within each gestational age the distributions 
are broadly symmetrical.
The confidence with which the obstetrician was able to 
estimate gesta.tional age is recorded on SMR2 as certainty of 
gestation. Tables 2.3 and 2.4 show the cross tabulations of 
birthweight by gestational age for infants of certain and 
uncertain gestations separately. There is a tendency for births 
of uncertain gestational age to have either longer or shorter 
gestations than births with certain gestational age. For example,
1.2 per cent of births where gestational age is uncertain have 
estimated gestations below 32 weeks, compared to 0.6 per cent of
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those with certain gestations, whereas, 4.9 per cent of births of 
uncertain gestational age are estimated to have gestations above 
41 weeks compared with 3.0 per cent of certain gestations. 
Similarly, births of uncertain gestational age have higher rates 
of birthweight below 2,500 gms (8.7 per cent) compared to those 
of certain gestation (5.0 per cent). A trend to lower birthweight 
amongst uncertain gestations is apparent within separate weeks. 
For example, at 38 weeks 7.6 per cent of births of uncertain 
gestational age were below 2,500 gms compared with 6.2 per cent 
of births of certain gestations, and at 40 weeks the figures were 
2.5 per cent of uncertain gestations compared to 1.5 per cent of 
certain gestations.
These trends in low birthweight parallel the findings 
related to LMP of Hall et al (1985 a), reviewed in section 1.1.2, 
that women of uncertain LMP generally had less favourable 
outcomes. In the analyses described here births of uncertain 
gestational age were included, but certainty of gestation was not 
considered as a covariate.
2.2 Definition of Response Variables and Covariates in the 
Regression Analyses of SMR2 Data
2.2.1 Introduction
The relationship between maternal, socio-economic and 
biological covariates and perinatal outcome were examined in a 
series of regression analyses of SMR2 data. Only singleton births 
were included since perinatal outcome amongst multiple births is 
generally less favourable and atypical of the experience of the 
population as a whole. No one risk factor was the focus of 
attention and the covariates were given equal status in the 
analysis. Some aspects of obstetric history were only relevent
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to multiparae, and the analyses were performed separately for 
primiparae and multiparae.
2.2.2 Perinatal Outcome Variables
(1) Birthweight
The analysis of birthweight focussed on the lower tail of 
the distribution. Models were considered for the probabilities of 
birthweight below four outpoints, 1,000 gms, 1,500 gms, 2,000 gms 
and 2,500 gms. Stillbirths may have died some time before 
delivery, during which time they may have lost weight. For this 
reason the 0.65 per cent of births to primiparae and the 0.56 per 
cent of births to multiparae that were stillborn were excluded 
from the analysis.
(2) Gestational age
Gestational'age was grouped into ten categories, the first 
corresponding to births in the 28 week of gestation, the 
second, births in the 2 9 ^  week, up to the tenth category which 
represented births in the 37th or later weeks of pregnancy. The 
final category covers all term and posterm deliveries and the 
analysis thus concentrates on risks experienced throughout the 
preterm period. The reasons for treating the preterm period 
separately are discussed in chapter 4. The analysis was 
restricted to deliveries of gestational age 28 weeks or more. 
SMR2 information was only available for livebirths before this 
period and these form an unrepresentative sample of pregnancies 
terminating in earlier weeks.
(3) Birthweight standardised for gestational age
A categorical variable measuring birthweight standardised 
for gestational age was constructed by comparing each infant’s 
birthweight to standard percentiles of the birthweight 
distribution at the infant’s gestational age. The standardisation
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was based on Scottish singleton livebirths from the SMR2 scheme 
in 1975 to 1979 for the 28th to 42nd week of gestation (Smalls & 
Forbes, 1983)- The small number of births before this period were 
compared to percentiles for the 2 8 ^  week, and births born after
__ j
the period were compared to percentiles for the 42 week. 
Percentiles were prepared directly from the birthweight 
distribution and were smoothed across gestational ages using 
third order polynomial regression, weighted according to the 
frequency at each gestational age. Standard values of the 
10th, 25th, 50th, 75th, 90th and 95th percentiles of the
birthweight distribution were available (see Appendix 2). The 
outcome variable considered in the regression study utilised all 
eight categories. Separate standards were available for 
primiparae and multiparae, and for male and female infants.
2.2.3 Covariates
The variables chosen from the SMR2 scheme for inclusion as 
covariates in the study were, with the exception of sex of 
infant, characteristics of the mother which would not normally 
change during the course of her current pregnancy. The sex of the 
infant, though unknown, is also fixed from conception. Maternal 
age was included as a covariate although it could be argued that 
the variable is to some extent dependent on the outcome of the 
current pregnancy, since a woman delivering preterm will be 
slightly younger at the time age is coded on SMR2 than an 
equivalent mother of a full term infant. This dependency has been 
ignored in the analysis. Variables giving medical diagnoses made 
during pregnancy or after delivery and those describing the care 
received by the woman were not considered.
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Table 2.5 presents the covariates, their categorisation, and 
their distribution for singleton livebirths with complete 
information. The first row contains figures relating to sex of 
infant. This covariate was excluded from the analysis of 
birthweight standardised for gestational age because sex was a 
standardising variable. Two socio-economic variables, the 
mother’s marital status and her social class were included in the 
study. Marital status was coded single versus married, widowed, 
divorced, separated or other. Social class is based on the 
Registrar General's scale I-V derived from the occupation of the 
husband or father of the child and was categorised I-II 
(professional and managerial), III (clerical and skilled manual) 
and IV-V (semi- and unskilled manual). Social class is reported 
as unknown on SMR2 when there is insufficient information to 
assign a social class or when the occupation is stated as the 
armed forces. This category represents a substantial portion of 
both primiparae (23.3 pe^ cent) and multiparae (19.7 per cent), 
and these cases were not excluded from the analysis. Cole (1983) 
compared the rate of unknown social class on SMR2 in 1977 (15.8 
per cent) with that from the Registrar General’s data on the 
obstetric population (1.2 per cent). The comparison showed that 
the SMR2 scheme is considerably less successful than the 
Registrar General in obtaining occupational data.
The next two variables describe demographic features of the 
population, maternal height was coded <150 cm, 150-164 cm and 
>J65 cm. The first category, <150 cm, identifies very short 
women who are known to experience increased risk of poor 
pregnancy outcome. The categorisation of maternal age also 
identifies two groups of women, <18 years and >35 years, who are 
thought to experience increased risks during pregnancy, the
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TABLE 2.5
COVARIATES, THEIR CATEGORIES AND THE FREQUENCY DISTRIBUTION FOR
PRIMIPARAE & MULTIPARAE in 1980-82*
FREQUENCY DISTRIBUTION (%)
COVARIATE CATEGORIES PRIMIPARAE MULTIPARAE
Sex of Infant Male 51.4 51.2
Female 48.6 48.8
Marital Status Married** 85.5 97,6
Single 14.5 2.4
Social Class I-II 17.4 18.4
III 38.6 39.6
IV-V 20.6 22.3
Unknown*** 23.3 19.7
Maternal Height <•150 cm 3.3 3.8
150-164 cm 71.0 72.0
^165 cm 25.7 24.2
Maternal Age <18 yrs 6.2 .2
18-24 yrs 55.6 29.2
25-34 yrs 36.3 62.4
^35 yrs 1.9 8.2
Previous 0 91.0 79.9
Spontaneous 1 7.6 15.6
Abortion 1.3 4.5
Previous 0 93.9 94.0
Induced
Abortion
6.2 6.0
Previous 0 _ 90.7
Caesarean
Section
?1 “ 9.3
Previous Perinatal 0 _ 95.3
Death ^1 - 4.7
Previous 0-2 _ 88.5
Livebirths**'* Z  3 11.5
TOTAL* 100.0%
(n = 80,276)
100.0%
(n = 106,362)
* Livebirths with complete data on the covariates.
** Married, Widowed, Divorced, Separated, Other.
*** Based on Registrar General’s Scale I-V of fathers' occupation.
Cases not recorded (U.K.) reflect either unemployment or 
insufficient information on occupations.
***■*■ Previous livebirths surviving the first weeks of life.
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other two categories, 18-24 years and 25-34 years comprise the 
majority of the population.
The remaining covariates describe the woman's obstetric 
history. A history of spontaneous abortion was examined by 
identifying two groups of women, those with one previous abortion 
and those with >_2. There were very few women with >2 previous 
induced abortions and this covariate was dichotomised 0 versus 
>_1, as were two other aspects of obstetric history, previous 
perinatal death and caesarean section. The final covariate, 
number of previous livebirths, was calculated as total 
pregnancies minus previous abortions and perinatal deaths, and, 
more accurately, would be described as the number of previous 
livebirths surviving the first week of life. This covariate was 
categorised 0-2 and >3. By considering a high number of previous 
births surviving the first week of life rather than high parity, 
the risk associated with >_3 births should not be confounded by 
compensation for previous perinatal losses.
In the regression analysis one category of each covariate 
was chosen as a reference and the risks are presented in 
comparison with this category. In general, the reference was 
chosen to be the category with highest frequency in the 
population. The one exception was maternal age, where the 
reference category corresponded to the most frequent category for 
primiparae but not multiparae. The reference categories for the 
covariates were as follows, sex of infant, male; marital status, 
married; social class, III; maternal height, 150-164 cm; maternal 
age, 18-24 years; previous spontanous abortions, 0; previous 
induced abortions, 0; previous caesarean section, 0; previous 
perinatal deaths, 0; previous livebirths, 0-2.
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Risks of birthweight below 2,500 gms and 1,500 gms, of 
preterm delivery and of the birth of an SGA or LGA infant for 
each covariate are given in Table 2.6 for the study population 
of 1980-82. It can be seen that there are considerable variations 
in risk associated with some covariates. The table shows 
unadjusted patterns of risk. In chapter 4 the extent to which 
the association with each covariate can be explained by 
intercorrelation with the others is examined.
2.2.4 Missing Data
An estimate of gestational age was available in all cases, 
but a few births (0.16 per cent amongst primiparae and 0.18 per 
cent amongst multiparae) did not have birthweight coded on the 
SMR2 document and were excluded from the analysis of birthweight 
and birthweight standardised for gestational age.
Table 2.7 gives the numbers and rates of missing data for 
each of the covariates in the study expressed as a percentage of 
total liveborn singleton deliveries. Information on maternal 
height was missing for approximately five per cent of both 
primiparae and multiparae; and on marital status for less than
0.1 per cent. Although there is no provision for coding unknown 
obstetric history, 26 SMR2 documents contained a series of values 
9 relating to numbers of previous abortions, caesarean sections 
and perinatal deaths and were excluded from the analysis. After 
excluding births with missing information on birthweight or at 
least one covariate (excepting social class) data were available 
for 95 per cent of singleton livebirths to both primiparae and 
multiparae.
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TABLE 2.7
MISSING COVARIATE INFORMATION IN LIVEBQRN SINGLETON BIRTHS TO 
PRIMIPARAE & MULTIPARAE: 1980-82
PRIMIPARAE MULTIPARAE
Sex of* Infant 4 (0.00%) 1 (0.00%)
Marital Status 56 (0.07%) 99 (0.09%)
Social Class 20216 (23.92%) 22711 (20.28%)
Maternal Height 4175 (4.94%) 5541 (4.95%)
Maternal Age 0 13 (0,01%)
Previous
Spontaneous
Abortion
0 0
Previous
Induced
Abortion
0 0
Previous
Caesarean
Section
0 0
Previous
Perinatal
Death
0 0
Previous
Livebirth 0 0
n = 84500 (100.00%) n = 111984 (100.00%)
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Births with maternal height unknown comprised the largest 
source of exclusions from the analysis, and the rate of low 
birthweight and preterm delivery were investigated for these 
infants. First, amongst births to primiparae of unknown height
11.1 per cent had birthweight below 2,500 gms compared with 6.8 
per cent amongst births to primiparae of known height. Births to 
primiparae of unknown height were also more likely to be born 
preterm with a risk of 12.0 per cent, compared to 5.8 per cent 
amongst primiparae of known height. Similarly births to 
multiparae of unknown height experienced a preterm delivery rate 
of 8.0 per cent and a risk of birthweight below 2,500 gms of 7.6 
per cent compared with the preterm delivery rate of 4.6 per cent 
and risk of birthweight below 2,500 gms of 4.9 per cent amongst 
multiparae of known height. These differentials between the study 
population and the excluded cases represent a potential source of 
bias in the findings related to maternal height and the other 
covariates.
2.3 Contingency Table Form of the SMR2 Data
After the covariates were categorised it was possible to 
summarise the data from individual women into a concise form for 
the purpose of fitting regression models. During 1980 to 1982 
there were 84,668 liveborn singleton births to primiparae. One or 
more of the covariates or birthweight was missing in 4392 cases 
and the remaining 80,276 complete cases were considered in the 
analysis. The seven covariates relating to primiparae could occur 
in 1152 (the product of the number of levels of each covariate) 
combinations. Only 658 combinations were in fact observed. The 
absence of many possible combinations in the population reflects 
the severity of some of the covariate categories and also 
intercorrelation between the covariates.
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The summarised data file on birthweight for primiparae is 
shown in Table 2.8. The frequencies with which each covariate 
combination were observed are given in the second column and the 
birthweight distribution is given in the final five columns. The 
covariate columns give, in order, marital status, the number of 
previous spontaneous and induced abortions, maternal height, sex 
of infant, maternal age and social class. A value of 1 
corresponds to the reference category of each covariate. Higher 
values in the covariate columns correspond to other categories 
in descending order in Table 2.5. The summarised data file was 
created by reading through the SMR2 data for each year. A new 
combination was added to the data file or the frequency of an 
existing combination increased by one, for each primiparae with 
complete data. Covariate combinations with high frequencies were 
likely to be observed early on and come near the top of the 
summarised data file. The most frequently occurring combination 
(number 17) corresponded to 5178 women (6.5 per cent). Moving 
down the data file the covariate combinations were observed less 
often. None of the final hundred combinations was observed for 
more than five women. In Table 2.9 first and last covariate 
combinations in the corresponding summarised birthweight data for 
the 106,362 multiparae with complete data are given. Ten 
covariates were considered in the analyses of multiparae, and 
these could occur in 5264 possible combinations of which 2096 
were observed.
Summarised data files were created in an identical fashion 
for the analyses of gestational age and birthweight standised for 
gestational age. A description of all the data files is given in 
Table 2.10. The first row describes the data files for the
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TABLE 2.8
SUMMARY BIRTHWEIGHT DATA FOR PRIMIPARAE 1980-82
Cell 
No.
Cell
freq­
uency
Co­
variates
Birthweight Distribution
<lOOOg
1000-
1499g
1500-
1999g
2000-
2499g £2500g
1 859 1113213 1 7 9 27 819
2 1265 2111114 4 6 20 60 1 175
3 172 2111121 0 ■? 4 7 1 58
4 4 83 1113112 1 r 1 in 471
5 323 2113114 2 7 4 11 3 03
6 4972 1111211 11 23 31 242 4668
7 758 2111124 2 c 16 37 6 9$
8 1 1212143 C 1 ft G 0
9 208 1121131 1 1 4 3 1 94
1 0 17 1212113 1 1 0 2 13
11 173 2111221 c 5 7 12 1 53
12 617 2111113 T 5 7 24 5 78
13 1618 1113211 5 6 12 45 1 5 50
14 78 1311151 1 1 1 6 69
15 19 1111122 0 0 f] 1 18
16 3315 1111131 5 24 31 125 3 1 3G
17 . 5178 1111111 i 23 43 227 4?Sn
1 8 29S7 1111113 7 16 36 123 2SG5
19 2836 1111213 5 1 °- 27 151 2635
2 0 59 1111244 0 1 1 6 51
21 1366 1 113131 n•>-. 4 9 26 1327
22 218 1112111 1 1 4 20 192
23 37 1311234 1 n o 2 34
24 1 2rJ6 1111133 T r j 2? 65 1 1 10
25 796 1113114 0 7 7 33 749
634 1 2122121 Q n 1 n 0
635 1 2321213 0 n 0 6 1
636 1 1122244 0 0 J C 1
637 1 1312133 0 o 0 n 1
638 1 1323133 n n n 1
639 1 2123231 n n 6 0 1
640 1 1123244 0 ni c G 1
641 1 1122142 0 0 0 n 1
642 1 2211142 G a 0 0 1
643 1 1223144 t) 0 n C 1
644 1223114 n 0 r. n
645 1 1123223 € o q r 1
646 1 2313114 0 o 0 0 1
647 1 2213134 t? ”l r-u 0 1
6 4$ 2221113 c i c 0 o
649 1 2223112 n n 0 0 1
65 G 1 1212223 -0 0 0 0 1
651 1 2223113 V n 0 0 1
652 1 2211143 i 1
653 1 2123142 G p 0 1
654 1 1322111 Q 0 0 1
655 1 1 221U 2 0 r, r n 1
656 1 1312134 p 0 0 0 1
657 1 2313113 6 i '. 'J a 1
658 1 1312112 c 0 ■) 0 1
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TABLE 2.9
SUMMARY BIRTHWEIGHT DATA FOR MULTIPARAE 1980-82
C e ll 
No.
C e ll
fre q ­
uency
Co
varia tes
B irthw eight D is tr ib u tio n
<1000g
1000-
1499g
1500-
1999g
2000-
2499g ?2500g
1 2323 11 1 1 1 1 1 1 1 3 5 8 1 9 63 2228
2 273 1111121241 1 0 3 13 256
3 903 11111131.11 1 2 6 11 883
4 71 1 2 1 1 1 1 3 1 1 4 1 0 0 2 68
5 30 131121 1131 2 0 1 4 23
6 132 12 1 1 1 1 3 2 3 3 0 3 1 4 124
7 34 1 1 1 2 1 2 1 1 3 4 1 0 0 0 33
8 27 1 1 1 2 1 1 2 2 1 4 1 1 0 2 23
9 245 11112 11231 2 6 5 1C 222
1C 32 1 1 2 1 1 2 1 1 3 3 1 0 0 3 2 6
1 1 13 1311113111 0 1 1 Q 16
12 724 1 1 1 1 1 1 3 2 3 4 2 1 3 13 705
1 3 5740 111111 1131 1 10 29 13 C 5570
1 4 2324 111111 1233 1 4 19 80 2220
15 763 1 1 1 1 1 1 3 1 3 4 1 2 2 8 750
16 66 12112 11231 2 Q 0 6 58
1 7 2880 11111 1 1 2 1 1 3 3 1 5 105 2754
1 8 5 505 11111 1 1 2 3 1 6 9 41 132 5267
1 9 66 1 1 1 1 2 1 1 2 1 4 Q 2 3 9 55
20 5 2 3 1 1 1 1 1 1 3 3 1 0 0 U 4
21 611 1 1 1 1 1 1 3 1 1 3 2 2 2 1 1 594
22 13 151121 1234 1 1 0 2 9
23 2 1 3 2 1 2 1 2 2 1 3 1 si 0 0 1
2 4 1831 1 1 1 1 1 1 1 2 1 4 4 4 1 9 71 1733
25 1 154 121 1111131 2 1 1 1 24 1116
2072 1 13 1 2 1 2 1 1 3 2 1 0 0 0 0
2Q73 2 2 1 2 2 1 1 1 1 3 4 0 G 0 j 2
2 07 £ 1 2 1 2 1 1 1 1 1 2 4 0 0 0 G 1
2 0 7 5 1 2 2 2 1 1 1 3 2 3 4 0 n 0 0 1
2 0 7 6 1 12221 1 1 1 44 0 r>s 0 0 1
20 7 7 1 12221 1 2 1 3 1 •"IU o 0 Q 1
2078 1 1 1 1 2 2 1 3 2 4 3 0 c 0 0 1
2G79 1 1 3 2 1 1 2 1 2 1 2 0 0 0 0 1
2 08 C 1 11 2 1 2 1 3 2 1 2 n 0 0 ji 1
2 081 1 12 2 1 1 1 3 1 1 2 rt«J n Q Q 1
208 2 1 1 3 2 2 1 1 3 2 3 2 0 Li 0 0 1
*2 08 3 1 131 221 2213 0 w 1 D
2 08 4 1 2 1 1 2 1 1 3 1 3 4 0 n 0 0 1
2085 1 1 1 2 1 2 1 3 2 2 4 0 V 0 0 1
2 0 8 6 1 2 1 1 1 2 1 1 1 1 3 0 0 0 0 1
'208 7 1 2 1 2 1 1 2 3 1 1 3 0 0 0 0 1
2088 1 1 2 1 1 1 2 1 2 2 4 0 0 0 0 1
20 8 9 1 1 2 1 2 1 1 3244 0 •j 0 0 1
2 0 9 0 1 2 1 2 1 1 2 3 1 1 4 c u 0 c 1
*2 091 1 1 2 1 2 2 2 3 2 4 3 Q c 0 0 1
r2 0 9 2 1 1 2 1 1 1 2 1 2 1 2 o u 0 0 1
2 09 3 1 21111 1 3 1 2 1 0 0 0 Q 1
2 09 £ 1 1 3 1 2 1 1 2 1 3 4 0 0 Q n 1
2 09 5 1 1 3 1 2 1 2 1 2 1 4 1 0 0 1
2 0 9 6 1 1 3 1 2 1 1 1 2 4 4 0 c 0 0 1 !
52
CO
NT
IN
GE
NC
Y 
TA
BL
ES
 
FO
R 
EA
CH
 
AN
AL
YS
IS
TABLE 2.10
03 03 
E  E  
bfl (30
o  o  o o o in
i“i CM
ft
-p -
JO 03 
00 E •H QO 0
3 O  
JO o  
p  m
\f/
03 (0
■ri a) o 
I* M) 0 © qj ■ j 
> 1—i X3
®  C  P  
X) O  0
C  JJo ©
P  p
a
E O© m o©&o oe oo c cv
t-4 Cm
cq o Av
©03
O t ,03 Oi—I (h 0
X)+3 0x: ra •bO-H p ■ HUE 0 U 0 5 0 <M £ U E -P c p U 0
•H p  <n
CQ 03 O
P 0 |
O  P  P  P  
O 0 0 I* G -H fi0 -H U -H 
£  P  ffl £  51
O  P  P  Po n ©  IU C -h G0 *H p -H 
XI -P 0 JO 
" ' > EO O Q O U
tw
n OJ
m >>
oo
I
G T3 o0 3 co
at P O)
>* cn i—<
00
03
O
03
<H 0
O P at 0
U 03 i—i
P O C X)
0 cm O 0
P 0 U. pfc P cn u3 0 0 0TO u a: >
coa
03
0a;
p
s:
<30
•H
03x
0a
E P 
U Pv a
p  p  © to U 0 a. u
P
0
c
T3 o £
p 0 XJ u
JO m p c 0
ao •H 0 0 p
-H X) P 1
0) L 0 B p
3 0 0 U 03
JO X3 o 0 O
P C E-i a.
P 0 ^ 0
*H P O bO •
PQ cn P  < i—i
030
E G
u 00 >
p P0 r—I0
a. Q
.
OJ
53
birthweight analyses described above. After an initial 
examination of birthweight standardised for gestational age based 
on all deliveries, more detailed results were obtained for 
preterm deliveries and term and post term deliveries separately.
2.4 The Soottish Morbity Record 11 (SMR11)
2.4.1 Description of the 5MR11 Document
Information covering the period between birth and discharge 
from neonatal services is collected in the SMR11 data scheme. An 
SMR11 file is only opened for a livebirth, it includes 
information collected during the infant's stay in labour and 
other wards and is closed when the infant is discharged home, 
transferred to a general medical ward, discharged to foster care, 
dies, or the file may be closed for other reasons. If an infant 
is transferred to a neonatal ward in another hospital the 
document should also be passed on and information collected until 
eventual discharge. Hospitals have a choice between completing a 
full or an abbreviated version of the document, the abbreviated 
version was used here.
Appendix 1 contains a copy of the abbreviated SMR11 document 
used in 1980. The information collected on S M R 11, includes 
identification data, details of the birth, several types of care 
the infant may have received, a summarised medical record, 
provision for including up to nine pathological conditions the 
infant may have suffered and up to two operations. Finally 
administrative discharge data are collected.
2.4.2 Coverage and validity
The SMR11 scheme is more recent than SMR2 and has not been 
so widely accepted. There remain several hospitals that do not 
participitate in the scheme. In 1980 the coverage, within
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participating hospitals, was 99 per but these births comprised 
only 76 per cent of the livebirths reported by the Registrar 
General. A further difference between the two schemes is that the 
SMR11 documents are completed directly by medical, rather than 
clerical staff and there should be less chance of transcription 
and other errors. Less validation work has been carried out on 
the SMR11 than the SMR2 scheme and coding policies may differ 
across hospitals. For example, congenital malformation rates vary 
across hospitals, primarily because of differences in coding 
policy (Cole, 1983).
2.4.3 Definition of Variables in the Neonatal Classification
The classification was based on eleven categorical 
variables, listed in the first column of Table 2.11. Birthweight 
was divided into the four categories £1,500 gms, 1,501-2,000 gms, 
2,001-2,500 gms and >2,500 gms. Birthweight standardised for 
gestational age was dichotomised as SGA and otherwise. The 
Apgar score (Apgar, 1953) is a dichotomisation of a widely 
adopted scale used to asses the general well being of infants at 
birth. Recurrent apnoea, jaundice and convulsions were 
dichotomised present and absent. Three medical interventions, 
resuscitation (absent, present but not intubation, intubation), 
assisted ventilation and tube feeding were also included in the 
analysis. Finally the status (alive, dead) of the infant and age 
at discharge (<3 days, 4-10 days and >11 days) from neonatal 
services were included.
In 1980, 672 births were recorded as having one of a number
of serious congenital abnormalities and were excluded from the 
analysis as their treatment is atypical. One or more of the 
eleven variables was missing in a further 6596 births and the 
main analysis considered only the remaining 45,426 complete
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TABLE 2.11
CLASSIFICATION VARIABLES, CATEGORISATION AND POPULATION DISTRIBUTION
FOR COMPLETE CASES: SMR11 1930
VARIABLE CATEGORIES FREQUENCY (%)
Birthweight >2500 gms 93.5
2001—2500 gms 4.6
1501—2000 gms 1.3
<.1500 gms 0.7
Birthweight Standardised ^10th Percentile 90.0
for Gestational Age <10th Percentile 10.0
Apgar Score at 5 min. 99,5
< 7 0.5
Resuscitation None 87.5
Intermediate* 9.1
By Intubation 3.4
Assisted Ventilation Absent 99.2
after 30 min. Present 0.8
Recurrent Apnoea Absent 99.5
Present 0.5
Jaundice Absent 69.9
Present** 30.1
Convulsions Absent 99.7
Present 0.3
In Tube Feeding Absent 97.1
Present 2.9
Dead at Discharge Absent 99.6
Present 0.4
Age at Discharge < 3 days 12.9
4-10 days 79.5
>11 days 7.6
TOTAL 100.0% (n = 45426)
* Mask + Intermittent Positive Pressure Ventilation, drugs only, other.
** > 8 6 ^/unol/litre bilirubin
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cases. The eleven variables defined a contingency table in which 
there were 9216 possible outcomes, although only 600 were 
observed amongst the complete cases. The two most frequently 
observed outcomes accounted for 44 per cent and 19 per cent of 
the cases.
2.5 Linked SMR2-SMR11 Data
There is some overlap in the information collected on the 
two records which can be exploited to compile a linked SMR2-SMR11 
data file. One of the objectives of the Information Services 
Division when introducing the SMR11 scheme was to promote the 
development of such a linkage, but lack of resources has delayed 
the routine production of a linked data file. The following 
results are taken from Smalls et al (1987) describing a linkage 
of the data for 1981-82, and demonstrating the accuracy of 
information in the two schemes.
The SMR2 and SMR11 files were matched on six items of 
information; hospital of birth, date of birth, initial of 
surname, maternal reference number, the sex of infant and 
birthweight (to within 50 gms). Stillbirths, which were only 
available on SMR2, and multiple births, for which there may be 
several SMR11 documents corresponding to one SMR2 document, were 
excluded from the linkage. Any cases that were not uniquely 
matched with all six items identical on the two files were 
investigated for a possible match on only five out of the six 
items. Mother-child pairs with two or more items differing were 
not considered.
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The results of the linkage can be seen in Table 2.12. 
Approximately 96 per cent of singleton livebirths born in 
hospitals participating in the SMR11 scheme were matched. Amongst 
cases where a match on only five out of the six items was 
achieved, a difference in maternal reference number accounted for 
the majority in 1981 and a large proportion in 1982. Maternal 
reference number involves a large number of meaningless digits 
and it is likely to have a relatively high transcription error 
rate.
Apgar score at five minutes was available on both the SMR2 
and SMR11 schemes but was not used in the linkage. The 
percentages of linked cases having identical Apgar scores are 
given amongst cases that matched on all six items, on all but 
the reference number and on all but any other matching item in 
Table 2.13* In 1981 approximately 95 per cent and in 1982 
approximately 92 per cent had identical Apgar scores and these 
figures did not vary substantially over match qualities. In both 
years 0.28 per cent of cases were considered to have different 
Apgar Scores which suggests a 0.14 per cent error rate for Apgar 
score on either scheme.
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TABLE 2.12 NUMBER OF LINKED CASES IN 1981 AND 1982
1981 1982
Total SMR 2 records 67890 64966
Total SMR 11 records 54300 55400
Linkable* SMR 2 records 53386 54726
Linkable* SMR 11 records 53224 54401
Quality of Unique Match
Matched on all 6 items 44979 49041
Not matched on maternal reference no. 4600 1093
Matched on hospital of birth 
and 4 of remaining 5 items 1671 2078
TOTAL LINKED 51250 52212
Percentage linkable* SMR 2 96.0 95.4
Percentage linkable* SMR 11 96.3 96.0
* All live singleton births in hospitals 
in SMR11 scheme.
participating
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CHAPTER 3 : REGRESSION MODELS FOR CATEGORICAL DATA
3.1 Introduction
3.1.1 Notation
This chapter describes a variety of regression models and 
techniques for use with categorical data. The first four sections 
introduce models that were used to examine the relationships 
between birthweight, gestational age and birthweight standardised 
for gestational age and the ten covariates defined in section 
2.2.3. The final section describes some alternative approaches 
and, where appropriate, draws a comparison with methods that were 
used.
The following notation has been used throughout. A response
variable Z depends on several covariates in a (p+1)x1 vector of
explanatory variables x=(x^,x^ ,...,Xp) . The response can be
continuous or categorical, but the development here is primarily
concerned with binary data, where Z takes values 1 or 0
representing positive and negative results respectively, and
ordered categorical data measuring contiguous intervals on a
continuous underlying scale where Z takes values 1 up to k, the
number of response categories. In the models for scalar Z the
first component of x, xQ, is set identically equal to 1 and
Trepresents the mean value of Z when x = (1,0,0,...,0) . The 
remaining components of x may be continuous or they may represent 
the levels of a categorical covariate. A categorical covariate 
taking r levels is included in the model by defining a set of r-1 
dummy variables. One level is taken to be the reference while for 
each of the other levels the corresponding dummy variable takes 
value 1 when an individual falls in that category and 0 
otherwise. The response variable depends on the covariates via a
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T
linear combination, 2 x 3  =x 3 , of the covariates and a (p+1)x1
~ s s 
s=0
vector of unknown parameters, 3. The covariate vector can be
expanded to include any function of x, for example quadratic or
higher order powers of continuous covariates, but in the models
considered here the components of the parameter vector, 3 , always
enter the model linearly.
The parameter vector is estimated from a sample of N
observations. When both the Z and x are categorical, and
particularly for large N, there may be many individuals with
identical covariate values and a concise indexation of the
observations can be obtained by grouping cases with distinct
covariate combinations. Defining a response variable, Y^, for
each distinct covariate combination, Ki<l, the data are listed
as (y where the random variable takes value y^, the
proportion of individuals with binary response Z=1 amongst the NL
individuals for whom x=x.. Quantity I is the number of distinct
1 I
covariate combinations and 2 n . =N. When the data are polytomous
i = 1 1
the response for each covariate combination is vector valued and 
can be defined in several ways. In this development the response 
is described in terms of the cumulative relative frequencies over 
categories of the response. Finally, the (p+1)xl matrix 
X= (x^, ...,x^, ...jX^) contains the covariate information from the 
entire sample.
3.1.2 Generalised Linear Models
This section introduces a class of regression models for 
scalar response data described by Nelder & Wedderburn (1972). 
Results for the class as a whole are given, but later particular 
emphasis is laid on the logistic regression model which is a 
member of the class.
6 2
There are three properties that define a generalised linear 
model; these are the error structure, the linear component and 
the link function. First, the probability density function of the 
response Y is given by
= exPC {y e-b( 6) }/a((|) )+c(y , 0) ] ,
where 0 is an unknown parameter, and the parameter <j> may be known 
or unknown. When $ is known, and In some cases when cj> is unknown, 
such distributions are members of the exponential family. By 
varying the functions a(.), b(.) and c(.,.), many commonly used 
probability distributions can be achieved (for example the three 
described in Table 3*1).
Following the development of McCullagh & Welder (1983), 
letting L(0, ^ ;y) represent the logarithm of the likelihood from 
a single observation, y, and probability density function given 
by the above formula, and using the standard results
E (3L/3 0) = 0
and
E(32L/902) = -E(3L/99)2,
the following forms for the mean and variance of Y can be 
obtained. First,
3L/30 = {y-b1 (0 ) }/a(<t)),
where a prime denotes differentiation with respect to 0., so that
E(Y) = y = b'(0)
and
a.L/90 = {y-p }/a(<|>).
Then
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E O 2L/30 2) = -E[b"( 0)/a(c|))] = -b"(e )/a(<}>)
and
-EOL/30)2 = -Var(Y)/a(<}>)2,
so that
Var(Y) = a(<j>)b"(9),
The variance of Y is a function of 0 (and hence \i ) but also of 
the term a(4>).
In Table 3.1 the functions a(.), ,b(.) and c(.,.) and the 
mean and variance of Y are given for three member probability 
distributions. The first column describes the Binomial 
distribution for use with data in the form of proportions, and 
the mean represents the proportion of individuals with a positive 
response in a sample of N. The log likelihood in terms of \i for 
Binomially distributed data is given by
L(u;y) - Nyln[vi/(1-y)]+Nln(1-vl),
ignoring the final term c(y,<|>)=ln(^ ).
The above derivation refers to a single observation (or 
distinct covariate combination) the mean of which is a function 
of one parameter 9-. When the data consist of a 1x1 response 
vector, Y taking values y, parameter 0 is replaced by a 1x1 
parameter vector, 9, with one component, 0^, corresponding to 
each observation, Y^, 1<i<I. Sufficient generality is usually 
achieved by restricting a(4>) to be of the form
ai((()) = 4»/wi ,
where the w^ are prior weights, known in advance, and is a
2
scalar (for example, in a Normal regression model).
The number of parameters can be reduced, and the model
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simplified, by considering each 9^ to be a function of a (p+1)x1, 
(p+l)<I, vector of parameters 2 related to the covariate vector.
In particular is assumed to be a function of the linear
T Tcombination x. P. The linear combination n = x 3 is the secondi
component of a generalised linear model and later sections deal 
with the selection of covariates to be included in n.
The third component of a generalised linear model is the 
link function, g(.)> a monotonic increasing function describing 
the relationship between the linear combination n and M ^
\  = gC^).
The link function can be chosen to suit different applications, 
but particular functions are commonly used in conjunction with 
each of the distributions in Table 3.1. In the case of the 
Binomial distribution the mean p is constrained by the 
inequalities 0<P<1, and a desirable property of a suitable link 
function is that it should map the unit interval (0,1) onto 
("rojco)> so that n can take arbitarily small or large values. 
Three functions commonly used in this context are
1. logit
n = log{u./(1-v0);
2. probit
n = $ ~ 1(p )
where $(.) is the Normal cumulative distribution function;
3. complementary log-log
n = log{ —log(1 —p )}.
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When the logit link function is used with Binomial error 
structure the log likelihood, in terms of 6, is given by
. L(3;y) = 2 {N.y.xTs-N,ln[1+exp(xT3j]}. 
i = 1 1
For this model the parameter Q is equal to the linear component 
of the model
e . = n . , 1< i< I .i i’ ---
The function that produces the above equality for a probability 
distribution is known as the canonical link function, and the 
combination of a probability distribution with its canonical link 
function produces a simple form (of x B multiplied by y) for the 
term in the likelihood including both the parameter 3 and y. The 
canonical link function for the Normal distribution is given by 
and that for the Poisson distribution is given by ri=ln(}i).
3.1.3 Fitting Generalised Linear Models in GLIM
Regression models for binary data were fitted here using 
GLIM (Baker & Nelder, 1978). In GLIM, the likelihood equations
are solved for 3 by the method of Fisher scoring. Given an
o *initial estimate of 3, 3 , an updated estimate, 3 , can be
calculated from the formula
{E(82L/0 3 i 33J))} jgo(B*-B°) = {3L/93i}|pO
and the procedure is repeated till convergence. The parameter $ 
cancels out in the above calculations and the likelihood is not 
maximised over <f>. If the model is based on the canonical link 
function for the probability distribution being used, the 
expected and observed information are equal and the procedure is 
equivalent to the Newton-Raphson algorithm.
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The procedure is equivalent to a series of weighted least- 
squares regressions of a modified dependent variable Y on X 
(Nelder & Wedderburn, 1972). The dependent variable, Y, has 
components
Yi =
and the weights, ¥=Diag{W^,...fWj}, are given by
Wi  = { 1 / b M( e ) } i {du /d n }? .
In the first stage of the iteration suitable starting values for
y, such as y =y, have to be chosen. At later stages y is
. *
calculated from the current p . When the model has Binomial error 
structure the modified dependent variable and weights are
Yi = v ( y 1-'i)/0li (i - V ]
and
W. = N . y. (1-y.). i 1 1  i
At the final stage of the iteration the approximate
A T -1
covariance matrix for the estimate of 3 , 6, is given by (XWX ) ,
A
where W is calculated from P. Confidence intervals can be derived 
by assuming approximate Normality of the estimates.
3.1.4 Selection of Covariates in the Model
This section concerns the selection of covariates in the 
regression and assumes that the error structure and link 
function are correctly specified. Two extreme models can be 
identified. The first contains only one parameter and X is the 
1x1 vector of ones. This is called the minimal model and 
restricts the means P., 1<i<I, to a common value. At the other
i’ — —
extreme, if I covariates are included so that X is a non-singular 
Ixl matrix, the model fits the data perfectly in that y=y. This
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is called the complete model, having the same number of 
parameters as observations, or distinct covariate combinations. 
The minimal model is so constrained that no systematic variation 
is allowed, and any trends in the data are ignored, whereas in 
the complete model all the variation is accounted for by u , and 
there is no stochastic element. In practice the model should 
include a limited number of covariates which are associated with 
substantial trends In the data. The remaining variation in the 
data is consigned to random error.
The fit of a model can be assessed by calculating the 
deviance, D(y; y). Assuming that a^ (<j>)= <j>/w^ , the deviance is based 
on the difference between the maximium log likelihood achievable 
(by the complete model with p. =y) and the log likelihood of the 
current model based on p+1 parameters with estimated model mean p 
multiplied by the scale parameter 4>. That is
I
D(y;u) = 2 2  w.{y (e*-e )+b(0,)-b(e*)},
. , 1 1 1 1  i ii=1
*
where 0. and 9. are the maximum likelihood estimates of 9 underl i
the current and complete models respectively. The formula does
not depend on The scaled deviance D(y; y)/4> is the log
likelihood ratio between the current and complete models. In the
applications presented here the low frequency of most covariate
2
combinations invalidates comparison to a X percentile.
To test the significance of a set of covariates, the log
~ ( 1)
likelihood ratio between model 1, with estimated mean U , and
~(2 )model 2, with estimated mean p , in which the given set of 
covariates is not included but other aspects of the model remain 
the same, is calculated. The log likelihood ratio is equal to the
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difference of the scaled deviances,
D(y; u(1 ^ )/4>-D(y;y^)/4>,
2and can be compared to a x distribution, where p„ + 1 and
P1 -P2 1 
p^+1 are the numbers of covariates in the first and second model
respectively.
The deviance for the Binomial distribution is given by 
I
D(y;p) = 2S Ni {yiln(yi/yi)+(1-y )ln[(l-y )/(1-u )]}. 
i = 1
The value of 4> in the Binomial distribution is 1 and the deviance 
and scaled deviance are equivalent.
Some covariates may not have a simple additive effect on the 
linear component of the model. Possible interactions between, 
covariates are considered by including separate parameters 
corresponding to each combination of the interacting covariates. 
Details of the parameterisation of models containing interactions 
are given in section 3-^.2. The significance of the interaction 
is tested by comparing a model with additive parameters with a 
model where the parameters of the interaction are included. A 
model with interactions contains extra parameters, and by 
including sufficient higher order interactions the complete model 
is achieved.
3.1.5 Testing the Link Function in Generalised Linear Models
It may be preferable to change other aspects of the model 
rather than lose the simplicity of a model containing only 
additive covariate parameters. The two other properties of the 
model that can be modified are the error structure and the link 
function. This section examines the possibility of changing the 
latter.
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Pregibon (1980) has suggested a test of the adequacy of the 
link function, assuming that the error structure and the linear 
component of the model are appropriately specified. The 
hypothesized link function, g°(p), is embedded in a parametric
family of functions which is assumed to contain the true link
 ^ ofunction g (n). In a two parameter family, for example, g is
written
g°(p) = g(w ;a°, <$°)
and
# £
g (p ) = g(u;a ,<$ )
Using a first-order Taylor expansion about the hypothesized link 
function, we obtain
g*(u) i g0 (y)+ («*-“0)Da(g°M'5*-'50)Ds(g0),
where
Da(g°) = {3/3“ g(»*ia ,s)}0=ao  ^ j_s0
and similarly for D6 (g°). The correct link function is 
approximated by
g°(P) = X^+ZY,
where z = {Da(g°), D 5(g°) } and Y T = -{a -a0^  -6°}. The problem of 
testing the adequacy of the link function is now stated in terms 
of the hypothesized link function with additional factors in the 
linear component of the model describing local differences in the 
link function.
Consider an initial fit of the model with link function g° 
which yields estimate 6, and fitted values g°(p^sx^S, 1<i<I. It
is then possible to calculate z=z0 ~, and the model can be
p = p
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refitted using z as an additional explanatory variable. A 
significant reduction in the resulting deviance indicates a 
departure from the hypothesized link function, Pregibon suggests 
the following family of link functions for use with Binomial 
errors
f  ^ a-6 „ , „ Na +6 „g ( p j a ,  s) = yi -1 + O - m) - 1 ,
a-6 a +6
the logit link function is given by
g0(u) r lim g(p;a,6).
a, 5K)
The estimated derivatives D {g°(\i.)} and D {g°(u.)} are 
^11 =1/2{ln2CMi)-ln2C1-u±) } ,
and
zi2 = -V2{(ln2Cui)+ln2(1-tii)}.
and can be calculated using the estimated means, P, from 
logistic regression. This procedure is not equivalent to full 
maximum likelihood estimation of a,5 and 3, but Pregibon suggests 
that in most applications the method provides a reasonable 
approximation.
3.2 Logistic Regression Model for Binary Data
3.2.1 The Model
An important special case of the generalised linear model is 
the logistic regression model (Cox, 1970), which relates the 
probability of a binary response for each individual, Z, taking 
values 1 and 0 to covariate vector, x. The form of the dependence 
of the response variable Z on x in the logistic regression model 
is
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E(Z;x) = P(Z=1;x) = exp(xTgl,
1+exp(x 3)
or equivalently the following relationship holds between the log
Todds and the linear predictor, x 3,
logit (P(Z=1 ;x)) = log( P(Z= 1 ;x) ) = xTg .
1-P(Z=1 ;x)
In examples where the components of x are dummy variables 
representing categorical variables and if P(Z=1) is small, then 
exp(3j), 1<_j<p, is approximately equal to the relative risk of 
Z = 1 for x. = 1 compared to x.=0, all other components of x being 
unchanged.
In a sample that comprises I distinct covariate 
combinations and assuming that the response data for individual 
cases are independent, the proportion of positive values, Y^ , for 
each covariate combination is taken as the response variable in 
the generalised linear model and N^Y^ has a Binomial distribution 
given by Bin(N^,P(Z = 1 ;x^)), 1<i<I.
3.2.2 Maximum Likelihood under Three Sampling Schemes
The logistic regression model can be fitted under three
commonly occurring sampling schemes, prospective studies, joint
sampling and retrospective, case-control studies. Suppose, in a
prospective study, that tL individuals are sampled for covariate
combination i, and of these n. „ are observed to be positive and ’ 1 1 ^
n ^  to be negative. The likelihood, 1, given by 
I
1 = n {P(Z=1;x.)}ni1 {P(Z=0;x.)}ni0 
i = 1 1
and the formula for logistic regression of Z on x substituted for
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P(Z;x).
If, as is the case in the analyses presented here, data are 
sampled from the joint distribution of (Z,x), the likelihood is 
given by
I
1 = n {P(Z=1,x }ni1 {P(Z=0,x. )}ni0 . 
i  = 1 1
Conditioning on x gives
I I
1 = n {P(Z=1lx )}ni1 {P(Z=0|x )}ni0 n {P(xi)}Ni . 
i=1 i=1
The logistic model makes no assumpions about the marginal
distribution of x, and the first part of this formula contains
all the information about the parameters, 3. Maximum likelihood
estimates are obtained by maximising over the first part, and the 
1 Nterm n (p(x.)} i cancels out of likelihood ratios. The model 
i = 1 1
can be fitted as though the data were prospectively sampled.
In retrospective studies fixed numbers of cases with Z = 1, 
and controls with Z = 0, are sampled. Prentice & Pyke (1 979) show 
that under this sampling scheme also, the logistic model for Z 
given x can be fitted as though the data were prospectively 
sampled.
3.2.3 Assessment of Fit of the Logistic Regression Model
The adequacy of the fit of a logistic regression model can 
be assessed in various ways. Firstly, the estimated model means, 
P ,  can be compared to the observed values y. When the data are 
proportions and the majority of the covariate combinations 
contain only one individual, a simple plot of y against p is not 
very useful, because most points will be at one extreme or other 
of the y scale. Grouping the P scale into categories that are
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well represented, the observed proportion and associated 
confidence intervals can be plotted within each category. These 
points should not differ substantially from the line y=?i if the 
model is adequate.
A second method of assessing the fit of a logistic 
regression is to examine residuals. The simplest definition of 
residuals for Binomial data is the Pearson residual
r. = N.{y.-u.}/[N.U.(1-lO]1/2}i i Ji i i i i }
which is the difference between the observed and expected counts,
divided by the estimated standard error of N.Y.. If N. is small
i l l
or near 0 or 1, the adjusted deviance residual, d^, may be 
preferable. This is given by
d^  = -{2Niyiln(yi/ui)+2NiCl-yi)ln[(1~yi)/(1-vii)]}1/2
+ (2ui--1 )/{6[N^ii^( 1-U^) 11/"2} j
where the sign is that of These residuals are related to
components of the likelihood and are more nearly Normally 
distributed than the Pearson residuals. However the approximation 
may be poor in extreme cases where many of the are 1 
(McCullagh & Nelder, 1983).
3.3 Regression Models For Ordered Polytomous Data
3.3.1 Generalised Linear Regression Models for Polytomous Data
A class of linear models for polytomous response data was 
presented by McCullagh C1980). If an underlying, possibly 
unobservable, continuous variable is grouped into contiguous 
categories the model can be interpreted in terms of the 
underlying variable. The model can also be used in the case of 
ordered qualitative data, when the results are interpreted in
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terms of the categories available. In this section the 
generalised model is described. Section 3.3.2 describes the 
special cases of logistic and proportional hazards models and 
suggests when each might be appropriate.
Let Z be a response variable taking qualitative values 
1,...,k, with probabilities ir (x),..., for an individual
with covariates x. Further define for Kj<k
P(Z<j) = Y.(x) = it (x)+. . . + ir (x)
sJ ‘ <J
and y .(x )=1. The quantities {Y.(x)} are related to the linear 
^ J
Tcombination of the covariates, x B , by a link function
g(Y.(x)} = 0 .+x T8 , for Kj<k.
The function g(.) is monotonic, increasing and maps (0,1) onto
(_eo>»)| and the same considerations apply as for the link
function of the binary models of section 3.1.2. The covariate
vector, x, does not include a first component, x^, set
identically equal to one. In earlier sections the parameter 8 q 
corresponded to the mean of a scalar response in the reference 
level, x= (1, 0,0,..., 0). In the model for polytomous data the 
parameters {0.} replace 8 and correspond to the reference level 
of {g[Yj(x)]}, when x=0. The model describes a strict 
stochastic ordering, in that if two cases with covariates x^ and 
x^ are compared, then
T
g l Y j C x ^ J - g t y  j ( * 2 ) * = ( x r V  e = A ’
a constant, for all j. Since the link is a monotonic function it 
follows that either
Y .(x,) < y (x ) for all j,
v
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or
Yj(xq) > Yj(x2^  for a11 J-J 1 J
A sample of N independent cases which take values according
to the above model form a multinomial observation 
k
(n ,n?J..M n, ), s n.=N, and have likelihood 
j=i J
=u"l 1^2 ... I^k.
Defining cumulative quantities R^nn^, R sn^+ng, Rk = N, and
Y =R /N, Y =R /N, Y =R /N=1, we may write the likelihood asI I  £. £ K K
a product of k-1 terms involving the cumulative parameters Y
V  b o
o=i b o +i
v v . R . - -R .
> 1^ 0' J+1 J 
' 0 + 1
The contribution from each j corresponds to the probability that
the first j cells divide in the ratio R. „:R.-R. If we define
J-1 J J-1
*o = ln{V (To + r Yo)}
and
h( <l> ) = ln{Y • /(Y. ,-Y.)}, for 1<j<k, 
J J+1 1+1 J —
the log likelihood from the observation can be written
k-1
L = N 2 {Y A  .-Y . ,h(<j> .)}• 
J = 1 J J J+1 J
The log likelihood from I multinomial samples corresponding to
the distinct covariate combinations {x^} of sizes {N^} is a
summation of contributions {L.} from the above formula with1
quantities Y.. § . and h(<t> .) replaced by functions of x, , Y .(x. ).
J J j 1 J 1
. and h(<t> ), and Y. replaced by Y. 1<i<I
1 1 * I 1 J
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These models were fitted using the algorithm suggested in 
the appendix to McCullagh (1980), A listing of the program is 
given in Appendix 3.
3.3.2 Logistic and Complementary Log-Log Link Functions
In the general formulation described above any monotonic 
increasing function mapping (0,1) to (-mj0)) can be used, 
including the various link functions mentioned in connection with 
binary regression models. Choosing the logistic link function 
leads to the model
g{y.(x)} = ln{y . (x)/[ 1-Y .(x) ]}
vJ U O
= 0 .+x^P, 1<j<k,
J -
The log odds ratio of Z<j
ln{ Yj(x<l)(1-Y^(x2))/[(1-Yj(xl))Yj(x2)]} = (x 1-x 2)TB,
does not depend on the level, j, of the response, but only on the 
difference of covariate values, x^-x2> and the parameter E. 
Logistic regression for binary data is the special case of k=2. 
Choosing the complementary log-log transform leads to the
model
g(Y (x)} = ln{-ln[1-Y.(x) ]}
v J
= 0j+x TB , Kj<k.
or
T
P(Z>j;x) = 1 -Y .(x) = exp{-exp(e .)}6xp^x
vJ
The relationship between P(Z>j) and x in this formula is 
equivalent to the dependence of the survivor function on x in a 
proportional hazards model, and the use of this model with 
grouped survival data is described in section 3.3*3*
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In the discussion of McCullagh's paper, Bartholomew (1980) 
gave a rationale for choosing between link functions. Suppose a 
continuous random variable ©, with distribution function F(0), 
underlies the polytomous response. The outpoints of the 
categories on the 0 scale are given by 9 , and areI c. K— I
generally unknown. The distribution function is allowed to vary 
according to parameters a and b and takes the form
F 0(e) = ^(m^ ~ a), (-°3<m( 0)0, -™<a<OT, b>0),
m(6) is a monotonic function of 0, and is an arbitary
distribution function. Defining p. by
J
, / m (9 .) “3. \ „ yp = i>( j ), 1<j<k,
J b
_ 1
then m(0.)=a+b'^ (p.). Comparing two distributions with
J i
parameters (a^b^) and (a^b^), and equating the outpoints
{m(Q .)}, we have 
J
0 = a1-a2+ b ^ -1(p1^)-b21j“1(p2^), 1<j<k.
If the scale parameters b^ and b2 are equal, and without loss of 
generality taken to be 1, then
a r a2 =
and covariates are introduced by equating a^sx^B, Bartholomew 
suggested a family of distributions including special cases with 
the differences above constant over j. The family is given by
1-F(6) = {1+( 1/u)exp[ (m ^ )] }~u , (u>0),
where the parameters a and b and m(.) have ranges as given 
before. Within this family
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”^ 1(p.) = ln(u)+logit{(1-p )u},
J \J
so that
a -]“a 2 = l°git{(1-P2 j ) 1/U}-logit{(1-p1^ ) 1/u} .
If the underlying variable has distribution characterised by u=1,
which is the requirement for a symmetric probability density
function, then use of the logistic link function in the
generalised model produces a constant difference between the {a^}
at the outpoints of the two distributions. While in the limit as
u-vra use of the complementary log-log transform will produce
constant differences between parameters {a^}.
This argument depended on the underlying continuous variable
having distribution in the above family and further, that the
only change in distribution between samples was in the location
parameter. If a^=a^ but b ^ b ^  a parallel class of models can be
obtained for ln(b.)sxTs.1 1
3.3.3 Proportional Hazards Model
In this section some basic probability results for 
continuous survival data are given and the proportional hazards 
model described. The results are taken from Kalbfleisch & 
Prentice (1930) where a more complete description of the area and 
related topics can be found. The proportional hazards model was 
used in the analysis of gestational age which was available for 
all births, and the description is thus limited to the case where 
no survival times are censored.
A continuous random variable, T, measuring survival time has 
range [0,°°), probability density function f(t), survivor function 
S(t)=P(T>t) and hazard function specifying the instantaneous rate 
of failure at time t conditional on survival up to time t, 
defined by
8 0
A(t) = lira P(t<T<t+dt|T>t) dt+Q+ ^
= f(t) = -dlnS(t). 
S(t) dt
The distribution of T is completely specified by (t), and on 
integrating the last result with the boundary condition of 
S(0) = 1, is given by
/1
S(t) = exp{- Mu)du},
0J
from which it can be seen that ^(t) is a non-negative function
with Mu)du=«>. The probability density function of T expressed
o;
as a function of (t) is
The proportional hazards model (Cox,1972) is based on the 
assumption that the covariates have a constant multiplicative 
effect on the hazard function over time. Under this assumption 
the hazard function for the covariate vector, x, is given by
where A (t), the reference hazard function for x=0, is a function o
and the parameter vector 6. The density function for covariates x 
is then
0
A(t;x) = A (t)exp(x^B)
Tof t, and the multiplicative factor exp(x S) depends only on x
and the survivor function is
S(t;x) = [So(t)]exp(xTe)
where S (t) is the survivor function for x=0.o
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Prentice & Gloeckler (1978) adapted the proportional hazards 
models for use with survival data grouped into intervals
 ^^  1 ’ ^  2 ? 1 *''1 ^ j * ^  j+1 ^ ’ * * * * ^ * ^ k+1 ^ * with c^=0 and The
t tlprobability of observing a failure in the j interval is
p(o <T<e . ,) = [1-a®xP<*Tf!>] V « “ P (*Tf,\
1- J+1 J s—"1 s
where
c .
a^ . = exp{ - J  ^Q(u)du}
th
is the probability of surviving the j interval conditional on
survival to when x = 0. The probability of surviving to the 
thbeginning of the j interval is
S(o.;x) = V o , exP (xTf0.
J s=1 S
Prentice & Gloeckler (1978) suggest a reparameterisation to
0 . =ln {-ln(os .)} which has range (-“,“), and the corresponding 
J 1
contribution to the log likelihood is
L = In[1-exp{-exp(8 . +x a)}]- £ exp(e +x @).
J 8=1 3
s tThe probability of surviving to the j+1 interval is”
 ^ * T
S(c^+1;x) = n exp{-exp[9s+x a]},
s — 1
( ^ exp(x^&)= exp{- 2 exp(e )}„ s s = 1
and comparison with the form of P(Z>j;x) when employing the 
complementary log-log link function within the generalised linear 
models of section 3.3.2 reveals that the two approaches are 
equivalent. The survivor functions when x=0 are, in the two
8 2
parameterisations are given by
3 *
exp{-exp(0 .)} = n exp{-exp(e )}• 
s= I
Parameters {0.} measure the survivor function, while {0.} measure 
J J
the probability of survival within each time interval.
Maximum likelihood estimates were calculated using Newton- 
Raphson iteration (Appendix 4).
3.4 Parameterisation 
3*4.1 Notation
The following sections describe the parameterisation of the
linear component in the models described in sections 3.1} 3.2 and
3.3. It is convenient to adopt an alternative notation for
covariates A and B with r . and r„ levels respectively. A model
A D
for a scalar response variable including only the main effects of 
A contains the following r^ parameters
m >ao,...,a .
A
(If A has only two levels a =a .) The parameters {a.} can be
rA J
equated to components of the parameter vector B of section 3.1
thus
rn n B
a 2 - 1 ’
a = p .. r r —1
A A
The parameter m corresponds to the value of the linear component 
in the reference level of A. The linear component
n = m+a,., 2<j<rA,
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for an individual in the level of A. The parameters {a^} thus
thcontrast the linear component between the j and the reference 
level of A. Similarly a model containing the main effects of both 
A and B contains parameters
m\a ,...,a \b ,...,b \ 
A B
and in terms of parameters B, {b.} are
J
b = B 
2 rA
b = B 
rA W 1
3.4.2 Covariate Interactions
Interactions are introduced by contrasting the levels of A 
within each level of B, which is treated as a stratifying 
variable. This approach gives the two covariates a different 
status in the model and, in practice, it is necessary to decide 
which should be the stratification variable. The choice does 
not affect the values of the linear component or the likelihood, 
but the selection of one covariate of primary interest may be 
more convenient for interpretation. When an interaction between A 
and B is included, with A stratified by B, the model contains the 
following parameters
m \ b 2 ,...,b \(ab)2 1 , ,  (ab)p 1\(ab)22,...,(ab)r2\%  -2 V  rA . rA<
...\(ab) ,...,(ab) \
B A B
Parameters f(ab).„} contrast the levels of A within the reference 
11
level of B, while the {(ab). .} parameters contrast the levels of 
t h
A within the j , 1<j<r_, level of B. Parameters {b .} fit the
— — B J
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baseline levels of B. Altogether the model contains 
1 + (rB - 1) +rB CrA“1) =rArg parameters.
A more complicated model might, for example, contain the 
parameters
{bj},{Cj},{d^},{(ad)ii},{Cad)i2},
..., {(ad). },
D
representing the contrasts between the levels of B, C and D, and 
the contrasts between the levels of A within each level of D. 
This model contains
1 + (rB-1) + (rc-1 ) + (r*D-1 )+rD (r*A - 1 )
= rArD+(rB-1)+(rC-1)
parameters. The parameter vector B is equivalent to the 
parameters taken sequentially in the above list. Corresponding 
values of the covariate vector are calculated by setting x^=1,
4-
and x. = 1, 1<j<rn-1, for cases in the j + 1 level of B and x.=0 
J — - B J j
otherwise. Values for the x^ corresponding to the main effects
of C and D are similarly calculated. The x . corresponding to
J
parameters {(ad). .} equal 1 in the appropriate levels of both A
J
and D, and otherwise are 0.
Interactions between three or more covariates can be 
included. An interaction between A, B and C is treated as the 
contrasts for A within all combinations of the levels of 
stratifying covariates, B and C. Parameters {b.}, {c.} and
{(bc)ij} should also to be included in the model.
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3 . 3  Covariate Interactions with a Polytomous Response
In the description of the model for polytomous response data 
the linear component was constant at all levels of the response. 
This constraint leads to the property of stochastic ordering in 
section 3.3*1* The restriction has important consequences for 
interpretation and should be justified in practice. In this 
section the effects of covariates are allowed to vary freely over 
the levels of the response. Provision for such terms was made in 
the program for the generalised polytomous regression model 
(Appendix 3).
Suppose that covariate A, with r^ levels, does not have a 
constant effect at all k levels of the response variable. The 
association can be modelled by including the following 
parameters.
m 1 * • ' • ,mk - h a21 ’- ‘' ,arAf '' ‘ Na2j ’ ’'' ,arA
•■A a 2,(k-1)’---’arA ,(k-1)V
The parameters equivalent to parameters section
3.2.1 and give the reference level of the linear component at the 
t hj level of the response. The parameters contrast the
t hlevels of A in the j category of the response. The model thus
contains k-1 + (k-1 )(r^-1 )=r^(k-1) parameters and is equivalent to
a separate set of {m ^ } for each level of A. The covariate
vector, i, changes as the response variable varies. Component xs,
1<s<r^(k-1), corresponding to a parameter in the above list, is
set to 1 if the individual is in the appropriate level of A and
category of the response, otherwise x =0.
3
8 6
When several covariates are included in a model the 
parameters corresponding to one or more may be allowed to vary 
while the others are constrained to be constant over the 
categories of the response. If parameters for all covariates vary 
over the response the model is equivalent to a series of separate 
binary analyses at each response category. It is possible to 
allow interactions between two covariates, A and B, to vary over 
the response. A separate set of parameters contrasting the levels 
of A within B, would be included for each level of the response. 
In these cases it may be appropriate to allow only the {(ab).. }
_L S
parameters to vary, or, possibly, the {b^ parameters should be 
allowed to vary also.
When the logistic link function is used the log odds vary 
over categories of the response. If the complementary log-log 
transform is used, the proportional hazards assumption is 
modified, and the covariates do not have a constant 
multiplicative effect on the hazard.
3.4.4 Linear Covariate Dependence in the Hazards Model
The proportional hazards model was used in the analysis of 
gestational age where response categories represented equal 
lengths of time (weeks of gestation). It is reasonable to suppose 
that the hazards, if not constant, might increase or decrease 
linearly with time. The model for grouped survival data 
described in section 3-3-3 permits a linear dependence on the 
time index, but the hazards must remain proportional within time 
intervals (Prentice & Gloeckler, 1978). If covariate A has a 
multiplicative effect on the hazard which varies linearly with 
time the following parameters are included in the model
,«r \.
A A
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*Parameters {m.} are the {6,} of section 3.3-3 and {« .} and {B .}
J J 3 J
correspond to intercept and slope parameters respectively, 
describing the contrasts between each level and the reference of 
A increasing or decreasing over the time index. The hazard 
function in the l^ *1 category of A during the time category is 
thus given by
X(t;l) = XQ(t)exp( ot^ +j , Cj<t<Cj+1-
If the effects of several covariates are being modelled 
simultaneously it would be possible to allow some or all to be 
linearly dependent on time.
Introducing linear time dependence into the model comes 
between the proportionality assumption and free dependence on 
time as described in 3.4.2. If survival times are grouped into 
more than three categories, it is possible to introduce a further 
parameter allowing for quadratic dependence on time. The hazard 
in the time category and the l^ *1 covariate category would be 
given by
A(t;l) = XQ(t)exp( \ + J 2 \ ) , c •
Higher order terms could also be considered.
The program in Appendix 4 allows for the inclusion of linear 
time dependent effects in the survival model.
3.5 Alternative Regression Techniques for Categorical Data
3.5.1 Introduction
In these final sections some methods connected with the 
fitting of regression models to categorical data that were not 
used in this study are described. First, several graphical 
methods for assessing the adequacy of binary logistic regression
8 8
models are the subject of section 3*5.2. An alternative logistic 
model for polytomous response data is described in section 
3.5*3. Finally, in section 3*5.*1, the use of standard log-linear 
packages to fit grouped survival models and the generalised 
polytomous model is outlined.
3.5.2 Assessment of Fit of the Logistic Regression Model
Landwehr, Pregibon & Shoemaker (1984) presented three 
graphical methods for assessing the fit of logistic regression 
models. The first, a plot of local mean deviances, is based on an 
analogy with linear regression with replicated observations, 
where the residual sum of squares is partitioned into pure error 
within replicates and a term due to lack of fit. In order to 
achieve this when there are few if any replicates, groups of 
observations are defined using a clustering algorithm on the 
space of covariates. The groups need to be large enough to 
provide sufficient degrees of freedom to estimate the local mean 
rate, but if they are too large some of the local deviance may 
reflect heterogeneity within groups. Within each of the resultant
K groups a local estimate of the mean from the model
L T thlogit(n . )=x.p+x is fitted, where the i observation is in the
3. X iC
k^*1 group. As Fienberg & Gong (1984) point out in the discussion 
to the above paper a likelihood ratio test comparing this model 
with logit(p^)=x 3 with K-1 degrees of freedom would be 
appropriate, but in order to obtain a plot the local deviance 
contributions of each observation d(y^;p^) and their sums within 
the k ^  group are calculated. The groups are then ordered 
according to a measure of within group homogeneity, which could 
be the metric of the original clustering algorithm. Running 
estimates of pure error, within groups,
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DL(t) = s d!; / £(N. -1)
kr1 k=1
are calculated over the t tightest groups, where N is the number
K
of observations in the k^*1 group. When D^(t) is plotted against
t _L 
its degrees of freedom, E (N. — 1), 1<k<K, for large t, D should
k = 1 ~
tend to D(y; u)/(N-m), where u is the fitted mean from the model 
Tlogit(]i)=x B with m degrees of freedom. This technique was 
devised for applications involving continuous covariates. 
However, data from several categorical covariates may involve 
many unique covariate combinations and clustering into groups of 
near replicates (possibly involving a change in only one 
dichotomous covariates, or to an adjacent level of an ordered 
polytomous covariate) may prove useful. The disadvantage of the 
approach is the expense of the clustering algorithm, particularly 
when there are many observations.
The second graphical method suggested by Landwehr et al is
A
an empirial probability plot of the residual quantities r^=y^-y^
T *from the model logit(u)=x B. M data vectors y are simulated from
the distribution y*=Bin(1,y^), 1<i<I, and fitted means u are
calculated for each simulation. Typical values and upper and
lower quantiles (corresponding to a chosen confidence level) are
*
obtained from the M sets of ordered residuals r where (i)
m(i)
* * A threfers to the ordered r . =y .-y . within the m simulation,
mi J mi mi
1<m<M. The observed ordered residuals are plotted against the 
typical values and the upper and lower confidence intervals from 
the simulations. When the model fits adequately the points should 
lie on the diagonal line from (0,0) to (1,1), and lack of fit is 
detected by a significant departure from this line beyond the 
confidence intervals.
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The final graphical method, suggested by Landwehr et al, 
partial residual plots, examines the functional form of the 
dependence of u on a continuous covariate. Suppose that y is 
generated by the logistic model
logit{p(z)} = x T6 + g(z),
where g is an unknown function of a continuous covariate z, and a 
linear logistic model
logit{y^(z)} = + Yz
is fitted. The quantity
G(Z) = , ^
UU ; (1-UU ')
(1)should have expectation approximately equal to g(z), if u /u =1
(1) » (1) and (1-u )/(1-u) = 1. Substituting estimates for y and Y in
the formula and plotting the estimates of G(z) against z gives
two sets of points, at y=0 and y=1, and these require smoothing
before the form of E(G(z)) is revealed. The final values for
E(G(z)) will be biased if the true logit is not well approximated
by the linear model, and in this situation it is most important
to identify g(z). Hastie (1984) in the discussion to Landwehr et
al suggested that the functional form of the dependence on p
covariates could be investigated in the model
logit(y.) = 2 $ (x. ).
i . s iss = 1
The model can be fitted by estimating local linear approximations
A A A
to <t> (x. ), <t> (x. )=a. +b, x. , in the neighbourhood defined by s is ’ s is is is is & J
the closest k observations to x^g. Repeating the procedure over i
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for each covariate s in turn produces a smooth estimate of the
function 4> . This method of determining the functional form of s
the dependence of y on continuous covariates is similar to the 
smoothed estimate
N
M(z) = 2 (x-x.)}
i = 1 1
£ 4>{h"*^  (x-x. ) }
i — 1 1
for a single covariate suggested by Copas (1983). The parameter h 
controls the amount of smoothing and the kernel K  ) is commonly 
taken to be the standard Normal density function. These methods 
have the advantage over grouping continuous covariates, in that 
the functional form within categories can be examined, but 
individual cases need to be treated as separate observations, and 
when large amounts of data are involved the models may be 
prohibitively expensive to fit
Several other approaches to assessing the adequacy of 
logistic regression models have been investigated, Pregibon 
(1981) describes coefficients that can be used to identify the 
effect of each observation on various aspects of the fit of the 
model. The simplest of these are the contributions of each 
observation to the deviance and Pearson goodness of fit 
statistics. Other statistics identify extreme points in the 
covariate space ,and points that are influential in determining B . 
These and the methods of Landwehr et al and Copas were the 
subject of a comparative study reported by Kay & Little (1986) 
where a logistic regression involving several covariates was 
scrutinised by examining various diagnostics.
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3.5.3 An Alternative Regression Model for Polytomous Response 
Data
Anderson (1984) suggested an alternative model for 
polytomous response data in which it is possible to test for 
ordering of the response categories and their distinguishability 
with respect to covariates x. Starting with the logistic model 
for a qualitative response variable, Z, with k categories, the 
probability P(Z=j) is given by
where ^0^ = 0 and  ^^  = 0* The probabilities of falling in each 
category, rather than the cumulative probabilities are thus the 
basis of this approach. This model is equivalent to the following 
specification of the density function, f, of x within a level, j, 
of the response
P(Z=j;x) = exp( j+xT ) / £ exp(3 Qs+xTBs), Kj<k,
3
fj(x)/fk(x) = exp(3*^+xTe^ .), Kj<k,
because if the k distributions (f.(x)} are mixed in proportions
J
1 j * * • j ^  > and
k
P(Z=j;x) = ^jfj(•*■)/( 2
the first formulation results from setting B _ .=6 +log( ir ./ir, ).
Oj Ok J k
The parameters { 3^ } can be restricted to be parallel, that
is
1<j<k,
with the restrictions ^ s l  and ^  = 0 to ensure identifiability.
The model is given by
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with a corresponding form for {f .(x)}. Various properties were
J
demonstrated by Anderson for the case where, in addition, the <J> 
are ordered as follows
1 = > <t>2 > ... > $k = 0.
First, if the distribution of x, conditional on Z=j is assumed to
be multivariate Normal with the same variance-covariance matrix
for all j, then the distributions within each j are displaced
Talong the line of x B in the x-space, and are thus ordered in one 
dimension. The distribution of Z given x was also shown to be 
stochastically ordered in the sense described in section 3*3*1, 
and hence the model describes an ordered response with respect to 
x.
The model can be generalised by allowing for greater
dimensionality of the relationship between Z and x, for example
in a two dimensional relationship, 3 . is given by
J
e . = - <t> b y , 1 < j< k ,
0 3 3 “ ~ '
T Tso that Z depends on two functions, x 3 and x y , of x. Further
restrictions have to be placed on the {> .} to ensure
identifiability. The choice of dimensionality can be made on the
basis of the likelihood of models of increasing dimensionality,
2
but comparison to X percentiles may not be valid under these 
circumstances.
Two categories of the response variable, s and t, are 
indistinguishable if 3 = s , and this implies that <t>. =<|>. in the
S Xf S u
one dimensional parallel model. In the two dimensional parallel 
model indistinguishability implies <$? = $ and \|> =\p , and similarly
S o  S o
for higher dimensions. Alternatively, models can be fitted in
which, for example, B.=... = 3 , B .=...=6 , =0, where the ? ’ 1 r' r+1 k ’
categories are considered in two groups, and it is not possible 
to distinguish between categories within either group on the 
basis of x. Models in which r takes all possible values, 1<r<k, 
for the break point between the two groups would be examined. The 
procedure could be repeated for any number up to k-1 groups of 
categories.
For several reasons the approach of McCullagh (1980) was
preferred in the analysis of birthweight standardised for
gestational age. First, the categorical response is based on an
underlying continuous variable and so it would seem appropriate
to use a model based its existence. Secondly, McCullagh's model
is based directly on P(Z<j;x) rather than P(Z=j;x) and parameter
estimates can be interpreted in terms of birthweight below the
1 0 ^  or 5 ^  percentiles or above the upper percentiles. It was
possible to extend McCullagh’s model by relaxing the ordered
property for each covariate in turn, and the resultant model gave
some idea of the change in shape of the distribution of the
underlying continuous variable across the levels of the
covariate. In Anderson’s approach it would also be feasible to
impose the parallel constraint of B. = -4>.0 for the components of 8
J d
corresponding to several chosen covariates, while others had an 
unconstrained impact over j. The ability to identify categories 
that are not distinguishable with respect to each covariate would 
provide insight into the association between the covariates and
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birthweight, and, as Anderson points out, it is difficult to
formulate distinguishablity in terms of McCullagh’s model.
3.5.4 Fitting Grouped Survival Models .and Generalised Polytomous
Models using Log-Linear Packages
Several authors (Aitkin & Clayton, 1980; Holford, 1980;
Laird & Olivier, 1981) have shown that grouped survival models
can be fitted using standard packages for log-linear models if
survival times are assumed to be exponentially distributed within
intervals. If a sample of N independent observations, with
survival times t^, are exponentially distributed with hazard
— 0tfunction 0 and survivor function e , the likelihood is
N A*
1(0) = n 0wi e” i 
i  =  1
od .-0T = 0 e ,
where w. = 1 if the iti:i individual fails at t. and w.=0 if it is 
1 1 1 N
right censored at t., the observed number of deaths, d= £ w. and
1 N i=1 1
the exposure, T= St.. If the number of deaths is assumed
i = 11
to follow a Poisson distribution with mean 0T the likelihood 
lp(0) is
lp(0) = (T0)de~9T/d!
= 1(0).
The maximum likelihood estimate of 0 under both sampling schemes 
is d/T, and the two models are interchangeable with respect to 
likelihood inference about 0.
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When the exponential hazard, 9, varies across k time
intervals, the time o b s e r v a t i o n  is r e p r e s e n t e d  by
(t t . . ,..,,t ) where t.. is the length of time spent by
* i J i k i  j i
t hindividual i in the j time interval, and becomes
(w. . w . . w, .) where w .. =1 if the individual fails inI i J1 K1 J1
t tl
the j interval and 0 otherwise. If an individual, i, fails in 
t h
the interval then t ^  = 0 for1 all j>j^. Letting (0 . j 0^)
represent the hazards in the k intervals, the likelihood is
N k\ w .. —y ,t..1(e) = n n e.ji e j ji
i=1 j=1 3
n -9 -T *= n 0.J e J J 
j  = 1 J
N N
where d .= z w.. is the number of failures and T.= 2 t.. the total
3 1=1 31 th 3 1=1 31time spent in the j interval. If each d . is assumed to be an
3
independent Poisson with mean, conditional on T e q u a l  to 0 ,T.
1 J 1
then the likelihood will, as before, be proportional to that from 
the exponential model.
Covariates can be introduced assuming a proportional hazards 
model, by letting ^jjL< 1) i(p) denote number of deaths, and 
Tji(1) i(p) deno^e the total exposure among individuals with 
covariate vector (i(1),...,i(p)) in the time interval, and
letting each i(.) index the levels of one of p covariates.
Representing the time subscript, j, by i(0), the likelihood is
1(9 ) = n {m .)di(0)...iCp) e {-mi(0)...i(p)},
i(0)...i(p)
where
and
mi (0).. .i(p) " Ti(0)...i(p)9i(0)...i(p)
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lnC9i(0)..-i(p)3 = U0{i(0)} + U 1{i(1)} + •••+ Upti(p)}"
The terms 1<i(0)<_k-1, represent the reference hazard in
ththe i(0) interval. This is a log-linear model with additional 
multiplicative constants {T. \ , which can be introduced
i(0)...i(p)
into the iterative proportional fitting algorithm by setting the
initial cell values to the exposure vector, or into GLIM by using
offsets. The above formula describes a proportional hazards model
in which only the covariate main effects are included, second
order interactions can be accomodated by including appropriate u-
terms. u r • / n • / \ ■> * If interactions involving the first * sr{i(s)i(r)} &
subscript, the time index, are introduced, the model is no longer 
proportional and covariate effects vary over time.
In this development the survival times were assumed to be 
exponentially distributed within time intervals, or, 
equivalently, the hazards are assumed constant during each 
interval. The approach of Aitkin & Clayton (1980) is more general 
and allows for a variety of survival distributions within 
intervals.
Although proportional hazards models can be fitted in 
standard log-linear packages, there may be drawbacks to this 
approach. Each covariate and time interval combination has to be 
treated as a separate observation from the point of view of the 
log-linear program. In the analysis of preterm gestational ages 
there were 514 separate covariate combinations for primiparae and 
1521 for multiparae, and 10 time intervals, resulting in data 
sets of the order of 5,000 and 1 5,000 cases respectively. Many 
covariate combinations were observed only once, but no 
substantial reduction in the cross-classification can be achieved 
since the birth will often fall in the final time period,
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representing a normal outcome, and contributes to the exposure in 
earlier intervals.
The generalised linear models for polytomous data can also 
be fitted in log linear programs, as described by Thompson & 
Baker (1981). The mean of the frequency of the response category 
conditional on the covariate combination is equal to the 
frequency of the combination multiplied by the difference between 
a distribution function evaluated at the outpoints defining the 
response category on an underlying continuous scale. The 
distribution function is specified by parameters that depend on 
the covariate combination, and the mean is thus the difference of 
the inverse link function applied to linear combinations of 
parameters corresponding to the two outpoints. In GLIM the 
expected mean is usually equated to the single inverse link 
function of the corresponding linear combination of the 
parameters. An adaptation of the least squares formulation of 
GLIM described in section 3.1.3, in which each observation can be 
associated with more than one linear combination of the 
parameters can be made to cover the case where the mean is a 
composite function of inverse link functions. Like the preceding 
approach to fitting proportional hazards models to grouped 
survival data, this adaptation involves data sets of the order of 
the number of distinct covariate combinations multiplied by the 
number response categories and may prove an expensive method of 
fitting the model.
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CHAPTER 4 1 REGRESSION ANALYSIS OF BIRTHWEIGHT, GESTATIONAL AGE 
AND BIRTHWEIGHT STANDARDISED FOR GESTATIONAL AGE
4.1 Summary of the Main Findings
This section comprises a summary of the main findings from, 
first, a logistic regression analysis of birthweight below 2,500 
gms; secondly, a proportional hazards model for the risk of 
delivery throughout the preterm period; and, thirdly, a 
polytomous regression model for birthweight standardised for 
gestational age amongst term infants, focussing on the risk of 
delivering an SGA or LGA ( small- or large-for-gestational-age) 
infant. A more detailed discussion of the results follows in 
later sections. Only parameter estimates and associated 95 per 
cent confidence intervals are presented here (Tables 4.1 and 4.2 
for primiparae and multiparae, respectively). Later sections 
contain a comparison of adjusted and unadjusted risks, an 
examination of the importance of interactions in the models and 
additional investigations of the adequacy of the models.
The analyses showed that the most important covariate in 
predicting low birthweight and birthweight standardised for 
gestational age was maternal height. Both primiparae and 
multiparae of height <150 cm experienced risk of delivering a low 
birthweight infant that was doubled, while for women >^ 165 cm the 
risk was reduced by 40 per cent compared to the reference 
category of women of height 150-164 cm. A similar gradient in 
risk of an SGA infant was found, and, conversely, a reduction of 
60 per cent in the risk of an LGA infant for women <150 cm and an 
increase of nearly 90 per cent in the risk of an LGA infant for 
women _>165 cm. Although maternal height was significantly 
associated with the hazard of preterm birth, the gradient in
IOC
TABLE 4.1 V
SUMMARY OF ADJUSTED RISKS FOR PRIMIPARAE: BIRTHWEIGHT <2500gm PRETERM
DELIVERY AND THE BIRTH OF AN SGA OR LGA INFANT
Covariate < 2,500 gm*
**
Preterm Delivery SGA*** LGA***
Sex of Infant 
Male 1.00 1.00
Female 1.17(1.11,1.24) .89(.80,.98) - -
Marital Status 
Married 1.00 1.00 1.00. 1.Q0
Single 1.28(1.18,1.39) 1.45(1.26,1.67) 1.19(1.11,1.28) .79(.74,.86)
Social Class
I-II .79(.72,.86) •84(.71,.99) .77(.71,.84) ,98(,92,1.04)
III 1.00 1.00 1.00 1.00
IV-V 1.15(1.07,1.24) 1»10(.96,1.27) 1.20(1.12,1.28) ,88(.83,.95)
Unknown 1.11(1.02,1.20) 1.14(1.00,1.31) 1.09(1.03,1.17) ,82(.76,.87)
Maternal Height
<150 cm 2.21(1.97,2.47) 1.46(1.15,1.84) 2.20(1.99,2.44) .37(.30,.47)
150-164 cm 1.00 1.00 1.00 1.00
^ 165 cm .61(.57,.66) ,75(.66,.86) .50(.46,.53) 1.92(1.85,2.04)
Maternal Age
<18 yrs 1.15(1.02,1.28) 1.47(1.21,1.77) ,81(.73,.90) 1.32(1.16,1.43)
18-24 yrs 1.00 1.00 1.00 1.00
25-34 yrs 1.03(.97,1.10) 1.13(1.00,1.27) .93(.88,1.98) 1.04(.99,1.10)
:j35 yrs 1.76(1.47,2.10) 1.81(1.30,2.53) .99(.81,1.20) 1.32(1.12,1.54)
Previous
Spontaneous
Abortion
0 1.00 1.00 1.00 1.00
1 1.30(1.18,1.43) 1.21,(1.01,1.46) 1,01(.92,1.11) 1.09(1.00,1.18)
22 2.01(1.66,2.43) 1.54(1.05,2.24) 1.22(.99,1.50) 1.32(1.09,1.59)
Previous
Induced
Abortion
0 1.00 1.00 1.00 1.00
1.20(1.08,1.34) 1.28(1.06,1.56) .98(.88,1.09) •98(.88,1.09)
* Relative Odds Ratios, 1980-82
** Relative Hazards, 1981
*** Relative Odds Ratios, Term Infants, 1980-82
101
TABLE 4.2
SUMMARY OF ADJUSTED RISKS FOR MULTIPARAE: BIRTHWEIGHT <2500g PRETERM
DELIVERY AND THE BIRTH OF AN SGA OR LGA INFANT
Covariate < 2,500g*
*#
Preterm Delivery SGA***
-- ■ " -.— ——
LGA***
Sex of Infant
Male 1.00 1.00 _ —
Female 1.26(1.19,1.33) .85 (.77,.94) - -
Marital Status
Married 1.00 1.00 1.00 1.00
Single 1.63(1.40,1.89) 1.65(1.29,2.13) 1.42(1.26,1.60) .76(.65,.89)
Social Class
I-II ,65(.59,.72) .75(.64,.88) .70(.65,.75) 1.10(1.04,1.16)
III 1.00 1.00 1.00 1.00
IV-V 1.16(1.08,1.25) 1.09(.96,1.24) 1.19(1.12,1.26) .85(.85,.94)
Unknown 1.21(1.12,1.31) 1.18(1.03,1.34) 1.28(1.21,1.36) ,84(.79,.89)
Maternal Height
<150 cm 2.05(1.84,2.29) 1.08(.85,1.36) 2.27(2.09,2.47) .40(.35,.48)
150-164 cm 1,00 1.00 1.00 1.00
^■165 cm 
Maternal Age
.62(.57,.67) •91(.80,1.02) .51(.48,.54) 1.85(1.79,1.92)
<18 yrs 2.19(1.44,3.33) 3.61(1.91,6.79) 1.20(.78,1.85) 1.27 (. 78, 2.08)
18-24 yrs 1.00 1.00 1.00 1.00
25-34 yrs .84{.79,.90) ,83(.74,.93) .83(.79,.87) 1.27(1.20,1.32)
^ 35 yrs
Previous
Spontaneous
Abortion
1.07(.95,1.20) 1.20(1.00,1.44) .92(.84,1.01) 1.45(1.35,1.56)
0 1.00 1.00 1.00 1.00
1 1.24(1.15,1.34) 1.26(1.11,1.43) 1.08(1.02,1.15) 1.04(.99,1.10)
*2
Previous
Induced
Abortion
2.04(1.83,2.27) 1.81(1.30,2.17) 1.48(1,35,1.63) .91(.82,1.00)
0 1.00 1.00 1.00 1.00
£1
Previous
Caesarean
Section
1.32(1.19,1.47) 1.59(1.34,1.89) 1.06(.97,1.16) ,99(.92,1.09)
0 1.00 1.00 1.00 1.00
Previous
Perinatal
Death
1.15(1.05,1.26) 1.19(1.02,1.39) ,94(.87,1.01) 1.28(1.19,1.37)
0 1.00 1.00 1.00 1.00
? 1
Previous
Livebirth
2.31(2.10,2.55) 2.36(2.02,2.76) 1.36(1.24,1.49) .86(.78,.95)
0-2 1.00 1.00 1.00 1.00
7 3 1,13(1.03,1.24) 1.26(1.09,1.45) 1.13(1.06,1.21) 1.19(1.12,1.27)
* Relative Odds Ratios, 1980-82 *** Relative Odds Ratios, term infants
** Relative Hazards, 1981 1980-82
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hazard associated with maternal height was less extreme. The 
adjusted hazard of preterm delivery associated with maternal 
height amongst multiparae was not significant.
A woman’s obstetric history was also strongly associated 
with the three perinatal outcomes. A history of previous 
perinatal death amongst multiparae was associated with increases 
of over 130 per cent in both the risk of low birthweight and the 
hazard of preterm delivery, and also with higher risk of an SGA 
infant and correspondingly lower risk of an LGA infant. A history 
of, particularly >2 spontaneous abortions was associated with a 
risk of a low birthweight infant that was doubled and also with a 
high hazard of preterm delivery, Multiparae with >2 spontaneous 
abortions experienced increased risk of the birth of an SGA 
infant but no significant change in risk of an LGA infant, while 
primiparae with >2 spontaneous abortions experienced increased 
risk of the birth of both SGA and LGA infants. In both groups of 
women a history of induced abortion was associated with increased 
risk of a low birthweight infant. This was primarily due to their 
increased risk of preterm delivery, since their association with 
birthweight standardised for gestational age was marginal. Two 
other aspects of obstetric history, a previous caesarean section 
and >3 livebirths, were associated with only small increases in 
the risk of low birthweight and preterm delivery. Both were, 
however, associated with increased risk of the birth of an LGA 
infant.
Two socio-economic covariates, social class and marital 
status were included in the study. Decreased risk of both low 
birthweight and preterm delivery was associated with membership 
of classes I-II (professional and managerial) compared to the 
reference category, class III (clerical and skilled manual).
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Women in classes IV-V (semi- and unskilled manual) experienced 
increased risk of low birthweight but no significant increase in 
the hazard of preterm delivery. Generally, women with unknown 
social class experienced similar or slightly higher risk than 
social class IV-V women. Social class I-II women experienced 
reduced risk of the birth of an SGA infant and social class IV-V 
women experienced increased risk. A corresponding gradient of 
decreased risk of an LGA infant associated with lower social 
class was not found. Single marital status was associated with 
increased risk of low birthweight, preterm delivery and lower 
birthweights standardised for gestational age, represented by an 
increased risk of the birth of an SGA infant and decreased risk 
of an LGA infant. The association with marital status was in all 
cases more extreme for multiparae than primiparae.
The pattern of risk of low birthweight and preterm delivery 
associated with maternal age showed the traditional pattern of 
high risk associated with either extreme of the age distribution. 
Amongst primiparae, minimum risk was experienced by women aged 
18-24 years, while amongst multiparae, minimum risk was 
associated with the 25-34 age category. Primiparae experienced 
particularly high risk in the >_35 age group, while multiparae 
aged <18 years experienced highest risk. The pattern of risk of 
an SGA or LGA infant associated with maternal age was not so 
clear. Primiparae aged <18 years experienced lowest risk of an 
SGA infant, wheras multiparae aged under 25 years experienced 
higher risk of an SGA infant than those over 25 years. In both 
groups of women higher risk of an LGA infant was associated with 
the >35 year age category.
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Finally, while female infants experienced higher risk of 
low birthweight than male infants, they had lower risk of 
preterm delivery. Sex of infant was not examined in the analysis 
of birthweight standardised for gestational age since the 
percentiles were additionally standardised for sex. However, The 
tables in Appendix 2 show that birthweight percentiles were lower 
for female than male infants.
4.2 Logistic Regression Models for Birthweight
4.2.1 Main Effects Models for Birthweight
The results of this section were obtained from a series of 
binary logistic regression analyses of birthweight below 2,500 
gms, 2,000 gms, 1,500 gms and 1,000 gms. Estimated parameters are 
expressed as odds ratios comparing the risk for each category 
of a covariate with the reference category, and 95 per cent 
confidence intervals of the odds ratios are given. Since the 
incidence of birthweight below 2,500 gms is small (approximately 
6 per cent) and the incidence of birthweight below the other out­
points is lower, the odds ratios can be interpreted as 
approximate relative risks. Unadjusted and adjusted odds ratios 
are given as an indication of the extent to which association of 
any one covariate with low birthweight can be explained by the 
remaining covariates. Interactions between pairs of covariates 
were also examined (section 4.2.2), to examine departure from the 
main effects model. The importance of parameters in the models 
was assessed by likelihood ratio tests which were generally 
performed at the 5 per cent level.
Tables 4.3 to 4.6 present the adjusted and unadjusted odds 
ratios of birthweight below 2,500 gms, 2,000 gms, 1,500 gms and
1,000 gms, respectively, associated with the ten covariates. The 
likelihood ratio statistics for inclusion of each covariate in
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TABLE 4.3
ADJUSTED AND UNADJUSTED ODDS RATIOS OF BIRTHWEIGHT<2500gms PRIMIPARAE AND MULTIPARAE 1980-82
primiparae MULTIPARAE
Unadjusted Adjusted Unadjusted Adjusted
Sex of Infant
Male
Female
1.00
1.17(1.10,1.23)
1 .00
1.17(1.11,1.24)
1.00
1.26(1.19,1.33)
1.00
1.26(1.19,1.33)
Marital Status
Married
Single
1,00
1.41(1.32,1.52)
1.00
1.28(1.18,1.39)
1.00
2.02(1.75,2.33)
1.00
1.63(1.40,1.89)
Social Class
I-1I
III
IV-V
Unknown
.76(.69,.83) 
1.00
1.19(1.11,1.29)
1.22(1.13,1.31)
.79(.72,.86) 
1.00
1.15(1.07,1.24)
1.11(1.02,1.20)
,60(.54,.66) 
1.00
1.24(1.15,1.33)
1.35(1.26,1.46)
.65(.59,.72) 
1.00
1.16(1.08,1;25) 
1.21(1.12,1.31)
Maternal Height
^■150 cm 
150-164 cm 
^165 cm
2.30(2.06,2.58) 
1.00 
•60(,55,.64)
2.21(1.97,2.47) 
1.00 
.61(.57,.66)
2.24(2.01,2.49) 
1.00 
.57(.53,.62)
2.05(1.84,2.29) 
1.00 
.62(.57,.67)
Maternal Age
18 years 
18-24 years 
25-34 years 
^35 years
1,33(1.19,1.48) 
1.00 
.90(.85,.96) 
1.57(1.31,1.86)
1.15(1.02,1.28)
1.00
1.03(.97,1.10) 
1,76(1.47,2.10)
2.48(1.64,3.75) 
1.00 
.77(.72,.82)
1.86(.95,1.17)
2.19(1.44,3.33) 
1.00 
.B4(.79,.90)
1.07(.95,1.20)
Previous
Spontaneous
Abortion
0
1
7-2
1.00
1.26(1.15,1.39)
2.00(1.65,2.41)
1.00
1.30(1.18,1,43)
2.01(1.66,2.43)
1.00
1.25(1.16,1.35)
2.17(1.95,2.41)
1.00
1,24(1.15,1.34)
2.04(1.83,2.27)
Previous Induced 
Abortion
0
-7A
1.00
1.20(1.07,1.34)
1.00
1.20(1.08,1.34)
1.00
1.37(1.23,1.53)
1.00
1.32(1.19,1.47)
Previous Caesarean 
Section
0
7/1
1.00
1.27(1.16,1.39)
1.00
1.15(1.05,1.26)
Previous Perinatal 
Death
0
■7/1
1.00
2.59(2.36,2.85)
1.00
2.31(2.10,2.55)
Previous Livebirth
0-2
^ 3
1.00
1.27(1.17,1.38)
1.00
1.13(1.03,1.24)
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TABLE 4.4
ADJUSTED AND UNADJUSTED ODDS RATIOS OF BIRTHWEIGHT<2000gms PRIMIPARAE AND MULTIPARAE 19BO-82
COVARIATE
PRIMIPARAE
Unadjusted Adjusted
MULTIPARAE
Unadjusted Adjusted
Sex of Infant
Male
Female
Marital Status
Married
Single
Social Class
I-II
III
IV-V
Unknown
Maternal Height
<150 cm
150-164 cm
^■165 cm
Maternal Age
<£. 18 years
18-24 years
25-34 years
^35 years
Previous
Spontaneous
Abortion
0
1
^ 2
Previous Induced
Abortion
0
Previous Caesarean
Section
0
Previous Perinatal
Death
0
A
Previous Livebirth
0-2
•#3
1.00 
.95(,86,1.05)
1.00
1.54(1.36,1.75)
.82(.70,.97) 
1.00
1.29(1.13,1.48)
1.33(1.17,1.51)
2.19(1.80,2.66) 
1.00 
.69(.60,.78)
1.63(1.36,1.95) 
1.00 
.96(.86,1.08) 
1.82(1.36,2.43)
1.00
1.41(1.19,1.67)
2.73(2.06,3.63)
1.00
1.36(1.13,1.64)
1.00 
.95(.86,1.06)
1.00
1.38(1.19,1.59)
•84(.71,.99)
1.00
1.25(1.09,1.43)
1.18(1.03,1.35)
2.08(1.70,2.53)
1.00 
.71(.62,.81)
1.39(1.15,1.68)
1.00
1.10(.97,1.23) 
1.96(1.46,2.63)
1.00
1.46(1.24,1.74)
2.76(2.07,3.68)
1.00
1.36(1.13,1.64)
1.00
1.04(.94,1.16)
1.00
2.23(1.74,2.85)
.76(.64,.90)
1.00
1.30(1.14,1.50)
1.35(1.18,1.56)
1.75(1.41,2.17)
1.00 
,69(.59,.79)
3.42(1.80,6.50)
1.00 
.78(.69,.88) 
1.35(1.12,1.61)
1.00
1.30(1.12,1.49)
2.97(2.50,3.53)
1.00
1.57(1.30,1.90)
1.00
1.41(1.19,1.65)
1.00
3.48(2.99,4.07)
1.00
1.17(1.00,1.37)
1.00
1.04{.94,1.16)
1.00
1.89(1.45,2.45)
.81(.68,.96)
1.00
1.22(1.06,1.40)
1.19(1.03,1.38)
1.56(1.25,1.94)
1.00 
.74(.64,.85)
2.93(1.53,5.63)
1.00 
.83(.73,.94) 
1.30(1.07,1.58)
1.00
1.27(1.10,1.46)
2.69(2.25,3.20)
1.00
1.51(1.25,1.82)
1.00
1.27(1.OB,1,50)
1.00
3.03(2.59,3.54)
1.00 
.98(.82,1.16)
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TABLE 4.5
ADJUSTED AND UNADJUSTED ODDS RATIOS OF BIRTHWEIGHT *1500 gms PRIMIPARAE AND MULTIPARAE
_______________________________________________________________________________1980-82
PRIMIPARAE MULTIPARAE
Unadjusted Adjusted Unadjusted Adjusted
Sex of Infant
Male
Female
1.00 
•99(.84,1.16)
1.00 
.99(.84,1.16)
1.00 
1.02(.86,1.22)
1.00
1.02(.85,2.22)
Marital Status
Married
Single
1.00
1.33(1.09,1.64)
1.00
1.18(.93,1.48)
1.00
1.77(1.14,2.76)
1.00
1.46(.92,2.34)
Social Class
I-II
III
IV-V
Unknown
.76(.59,.98) 
1.00
1.28(1.04,1.57) 
1.1B{.96,1.44)
.77(.59,1.01) 
1.00
1.23(1.00,1.52) 
1.06(.86,1.31)
.72(.53,.96) 
1.00
1.31(1.04,1.64)
1.48(1,18,1.86)
.74{.54,.99) 
1.00
1.23(.98,1.55) 
1.35(1.06,1.70)
Maternal Height
<150 cm 
150—164 cm 
^•165 cm
1.46(1.02,2.10) 
1.00 
. 65(.55,.83)
1.39(.97,1.99) 
1.00 
.71(.55,.87)
1.77(1.24,2.53) 
1.00 
.96(.77,1.18)
1.53(1.06,2.20)
1.00
1.05(.84,1.30)
Maternal Aee
18 years 
IB—24 years 
25-34 years 
'^35 years
1.74(1.32,2.28) 
1.00 
,94(.79,1.13) 
1.98(1.29,3.06)
1.67(1.25,2.22)
1.00
1.02(.85,1.23) 
2.01(.59,3.12)
2.83(.90,8.89) 
1.00 
.82(.67,.99) 
1.36(1.01,1.83)
2.62(.82,8.33) 
1.00 
.84(.68,1.03) 
1.24(.90,1.72)
Previous
Spontaneous
Abortion.
0
1
1.00
1.71(1.34,2.19)
3.19(2.11,4.82)
1.00
1.78(1.39,2.28)
3.25(2.14,4.93)
1.00
1.51(1.20,1.89)
3.96(3.06,5.12)
1.00
1.47(1.16,1.85)
3.52(2.70,4.59)
Previous Induced 
Abortion
0
?A
1.00
1.47(1.11,1.95)
1.00
1.49(1.13,1.97)
1.00
1.88(1.41,2.50)
1.00
1.80(1.35,2.41)
Previous Caesarean 
Section
0
?1
1.00
1.45(1.12,1.88)
1.00
1.32(1.01,1.72)
Previous Perinatal 
Death
0 1.00
4.19(3.30,5.31)
1.00
3.54(2.78,4.51)
Previous Livebirth 
0-2 1.00
1.08(.82,1.41)
1.00 
,87(.66,1.16)
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TABLE 4.6
ADJUSTED AND UNADJUSTED ODDS RATIOS OF BIRTHWEIGHT< IOOO gms PRIMIPARAE AND MULTIPARAE
19B0-82
PRIMIPARAE MULTIPARAE
Unadjusted Adjusted Unadjusted Adjusted
Sex of Infant
Male
Female
1.00 
•9B(.72,1.34)
1.00 
.98(.72,1.34)
1.00
1.20(.84,1.71)
1.00
1.19( ,83,1.70)
Marital Status
Married
Single
1.00
1.27( ,85,1,.91)
1.00
1.15(.73,1.81)
1.00
1.06(.34,3.28)
1.00
1.07(.33,3.43)
Social Class
I-II
III
IV-V
Unknown
,81(.50,1.33) 
1.00
1.19(.79,1.78) 
1.05(.70,1.57)
.87(.53,1.43) 
1.00
1.12(.75,1.69) 
.93(.61,1.42)
.79(.46,1.38) 
1.00
l-20(.76,1.89) 
1.13(.70,1.83)
•84(.48,1.48) 
1.00
1.11(.70,1.76) 
1.06(.65,1.74)
Maternal Height
^150 cm. 
150-164 era 
^■165 cm
1.57(.80,3.10) 
1.00 
.61(.40,.93)
1.50(.77,2.95) 
1.00 
.64(.42,.97)
2.35(1.21,4.53)
1.00
1.07(.70,1.63)
2.08(1.07,4.04)
1.00
1.14(.75,1.75}
Maternal Age
<1 IB years 
18—24 years 
25-34 years 
^35 years
1.52(.88,2.62) 
1.00 
.83(.58,1.17) 
1.98(.87,4.54)
1.56(.87,2.77) 
1.00 
.85(.58,1.22) 
1.86(.81,4.28)
.10(.00,169.74) 
1.00 
.92(.62,1.36)
. 66(.30,1.45)
.10(.00,231.98) 
1.00 
.85(.57,1.28)
.51(.22,1.19)
Previous
Spontaneous
Aborrion
0
1
^2
1.00
1.83(1.15,2.94)
4.18(2.04,8.56)
1.00
1.92(1.19,3.08)
4.35(2.11,8.98)
1.00
2.20(1.44,3.35)
4.20(2.47,7.13)
1.00
2.16(1.41,3.30)
3.86(2.25,6.64)
Previous Induced 
Abortion
0
?1
1.00
1.72(1.03,2.89)
1.00
1.74(1.04,2.92)
1.00
1.12(.55,2.29)
1.00
1.09(.53,2.24)
Previous Caesarean 
Section
0 1.00
1.09(.60,1.96)
1.00 
.95(.52,1.74)
Previous Perinatal 
Death
0
^1
1.00
4.80(3,04,7.57)
1.00
4.17(2.62,6.63)
Previous Livebirth
0-2
t 3
1.00
1.02(.58,1.77)
1.00 
,95(.53,1.70)
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the null model and exelusion from the model containing all main 
effects are given in Table 4.7. In general it can be seen from 
Tables 4,3 to 4.6 that, as would be expected, the covariates had 
more explanatory power in the unadjusted model, with the adjusted 
relative odds ratios being less extreme. However, the same 
patterns of risk were observed in the adjusted and unadjusted 
models. Looking firstly at the risks associated with the sex of 
the infant, we see that female infants of both primiparous and 
multiparous mothers have higher risk of birthweight below 2,500 
gms (increased risks of 17 per cent and 26 per cent 
respectively), and these risks were virtually unaltered when the 
other covariates were included in the model. Below the more 
extreme birthweight outpoints, sex of infant did not have a 
significant impact, and in most cases, the difference in risk 
between male and female infants was negligable.
The marital status of the mother had a significant impact on 
the risk of birthweight below 2,500 gms and 2,000 gms. 
Considering birthweight below 2,500 gms, single primiparous 
mothers experienced a 28 per cent increase in risk and single, 
multiparous mothers experienced a 63 per1 cent increase in risk 
compared to their married counterparts. The risk of birthweight 
below 1,500 gms amongst single women was not significantly 
different after adjusting for the other covariates, and, in the 
extreme case of birthweight below 1,000 gms even the unadjusted 
association was not significant. In all cases odds ratios 
associated with single marital status were lower after adjusting 
for the other covariates. The second socio-economic covariate, 
social class, was associated with the risk of birthweight below
2,500 gms, 2,000 gms and 1,500 gms. For example, social class I-
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II, primparous mothers experienced a 21 per cent reduction in the 
risk of birthweight below 2,500 gms, and social class IV-V, 
primiparous mothers experienced a 15 per cent increase in risk 
compared to their social class III counterparts. Similarly, 
multiparous, social class I-II women experienced a 35 per cent 
reduction in risk, while social class IV-V multiparae experienced 
a 16 per cent increase in risk. Women with unknown social class 
generally experienced similar risk to social class IV-V women. 
The gradient in risk associated with social class was apparent at 
the other three outpoints, but was not significant at 1,000 gms.
Maternal height was one of the most important covariates in 
the models for birthweight below 2,500 gms in terms of reducing 
the likelihood ratio statistic. Amongst both primiparae and 
multiparae, women of height less than 150 cm experienced a risk 
of birthweight below 2,500 gms that was doubled, while women of 
height greater than 165 cm experienced an approximate 40 per cent 
reduction in risk compared to women of height 150-164 cm. Amongst 
primiparae a similar though less extreme gradient in risk was 
observed at 2,000 gms, 1,500 gms and 1,000 gms. For example, 
primiparae under 150 cm in height experienced a 50 per cent 
increase in the risk of birthweight below 1,000 gras, while the 
risk for primiparae over 165 cm was decreased by 36 per cent. 
Amongst multiparae, although a similar pattern of risk was 
observed below all the birthweight outpoints, it was only 
significant in the analysis of birthweight below 2,500 gms and
2,000 gms.
Both primiparae and multiparae in the most frequently 
occurring age category experienced the lowest risk of birthweight 
below 2,500 gms, 2,000 gms and 1,500 gms. For primiparae this was 
the reference category, 18-24 years, for multiparae the age group
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25-34 years had the highest frequency. The most important 
association with maternal age was the increased risk experienced 
by women aged under 18 years and women aged over 35 years. 
Primiparae aged over 35 years experienced highest risk of 
birthweight below 2,500 gms (76 per cent increase), below 2,000 
gms (96 per cent increase) and below 1,500 gms (101 per cent 
increase). Multiparae experienced particularly high risk in the 
less than 18 age group (119 per cent increase in the risk of 
birthweight below 2,500 gms, 193 per* cent increase below 2,000 
gms, and a 162 per cent increase below 1,500 gms).
A history of spontaneous abortion was a highly significant 
factor in the analyses of birthweight below all four outpoints. 
The pattern of risk associated with spontaneous abortion was 
increasingly extreme at the lower outpoints. Amongst primiparae a 
history of one spontaneous abortion was associated with 192 per 
cent increase in the risk of birthweight below 1,000 gms. A 335 
per cent increase in the risk of birthweight below 1,000 gms was 
observed amongst primiparae with two or more previous spontaneous 
abortions. Similarly, multiparae with one previous spontaneous 
abortion experienced a 116 per cent increase in risk of 
birthweight below 1,000 gms and those with two or more previous 
spontaneous abortions experienced a 286 per cent increase. A 
history of induced abortions amongst primiparae was associated 
with increased risk of birthweight below the four outpoints (20 
per cent increase below 2,500 gms, 36 per cent increase below
2,000 gms, 49 per1 cent increase below 1,500 gms and 74 per cent 
below 1,000 gms). Amongst multiparae, a history of induced 
abortion was associated with increased risk of birthweight below
2,500 gms, 2,000 gms and 1,500 gms (32 per cent, 51 per cent and
113
80 per eent respectively). The association of previous induced 
abortion with birthweight below 1,000 gms was negligible for 
multiparae.
The final three covariates were aspects of obstetric history 
relevent only to multiparae. A history of caesarean section was 
associated with the risk of birthweight below 2,500 gms, 2,000 
gms and 1,500 gms, but the association was greatly diminished 
after adjusting for the other covariates. A history of caesarean 
section did not have a significant impact on the risk of 
birthweight below 1,000 gms. A previous perinatal death was the 
most important single risk factor for multiparae, associated with 
risk increased by 131 per cent below 2,500 gms, 203 per cent 
below 2,000 gms, 254 per cent below 1,500 gms and 317 per cent 
below 1,000 gms. A history of three or more livebirths played a 
significant role only in the analysis of birthweight below 2,500 
gms, and its associated increased risk (27 per cent) was halved 
(13 per cent) after adjusting for the other covariates.
4.2.2 Interactions in Birthweight Models
Interactions between each pair of covariates were examined 
in the analysis of birthweight. Tables 4.8 to 4.11 give the 
likelihood ratio statistics for their inclusion in the main 
effects models of birthweight below 2,500 gms, 2,000 gms, 1,500 
gms and 1,000 gms, the appropriate degrees of freedom are also 
given in the tables. In the case of the interaction between 
previous spontaneous abortion and maternal age for multiparae, 
there were no women aged less than eighteen with two or more 
abortions and the degrees of freedom for the interaction is five 
not six.
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LIKELIHOOD RATIO STATISTICS FOR INTERACTIONS IN THE ADJUSTED LOGISTIC REGRESSION MODELS OF
BIRTHWEIGHT <  2500 gins
PRIMIPARAE SocialClass
Maternal
Age
Sex of 
Infant
Maternal
Height
Previous
Induced
Abortion
Previous
Spontaneous
Abortion
Marital 6.SB 12.00* .06 3.67 .1 .89 2.38
Status (3) (3) (1) (2) (2) (2)
Previous 3.32 3.63 2.29 2.27 ] .82
Spontaneous (6) (6) (2) (4) (2)
Abortion
Previous 2.48 2.68 1.52 I .12
Induced (3) (3) (1) (2)
Abortion
Maternal 1.52 13.10" ] .50
Height (6) (G) (2)
Sex of 2.37 4.83
Infant (3) (3)
Maternal 18.08"
Age (9)
Previous Previous Previous Previous
Social Maternal Sex of Maternal Previous Perinatal Caesarean Induced Spontaneous
Class Age Infant Height Livebirth Death Section Abortion Abortion
Marital 4.82 5.88 .14 7.92* .01 6.33* 6.15* 2.54 .38
Status (3) (3) (1) (2) (1) (1) (1) (1) (2)
Previous 7.62 20.03" 1.32 4.72 3.08 1.10 .17 .93
Spontaneous (6) (5) (2) (4) (2) (2) (2) (2)
Abortion
Previous .85 5.01 3,67 2.09 0.0 .06 .13
Induced (3) (3) (1) (2) (1) (1) (1)
Abortion
Previous 6.35 1.42 .09 .88 .15 1.51
Caesarean (3) (3) (1) (2) (1) (1)
Section
Previous 1.68 7.19 .69 5.81 9.41*
Perinatal (3) (3) (i) (2) (1)
Death
Previous .89 6.19 .86 .80
Livebirth 0 ) (3) (1) (2)
Maternal 3.60 6.46 .68
Height (4) (6) (2)
Sex of 3.93 3.84
Infant (3) (3)
Maternal 8.60
Age (9)
"significant at 5 per cent level
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LIKELIHOOD RATIO STATISTICS EOR INTERACTIONS IN THE ADJUSTED LOaiSTIC REPRESSION
MODELS OF UIHTHWEIGHT * 2 000 gma
PRIMIPARAE
Social
Class
Maternal
Age
Sex of 
Infant
Maternal
Height
Previous
Induced
Abortion
Previous
Spontaneous
Abortion
Marital 3.69 5.41 0.48 0.52 3.91 1.10
Status (3) (3) (1) (2) (1) (2)
Previous 2.22 4.47 3.19 4.63 2.46
Spontaneous (6) (6) (2) (4) (2)
Abortion
Previous 0.92 2.50 0.92 5.40
Induced (3) (3) (1) (2)
Abortion
Maternal 2.21 8.48 0.29
Height (6) (6) (2)
Sex of 1.43 6.53
Infant (3) (3)
Maternal 20.57*
Age (9)
Previous Previous Previous Previous
Social Maternal Sex of Maternal Previous Perinatal Caesarean Induced Spontaneous
MULTIPARAE Class Age Infant Height Livebirth Death Section Abortion Abortion
Mari tal 2.21 0.37 1.80 7.88* 0.1 2 0.75 6.17* 2.77 1.06
Status (3) (3) (1) (2) (1) (1) (1) (1) (2)
Previous 7.08 8.39 1.75 1.11 2.13 0.34 1.28 0.60
Spontaneous (6) (5) (2) (4) (2) (2) (2) (2)
Abortion
Previous 0.69 3.62 2.77 3.11 0.00 1.73 1.34
Induced (3) (3) (1) (2) (1) (1) (1)
Abortion
Previous 5.89 2.71 0.03 0.74 0.70 2.60
Caesarean (3) (3) (1) (2) (1) (1)
Section
Previous 1.01 8.56 0.58 4.48 9.96*
Perinatal (3) (3) (1) (2) (1)
Death
Previous 1.42 0.81 0.06 1.18
Livebirth (3) (3) (1) (2)
Maternal 4.46 9.22 3.09
Height (6) (6) (2)
Sex of 0.27
IDO
Infant (3) (3)
Maternal 8.05
Age (9)
*signifleant at the 5 per cent level

LIKELIHOOD RATIO STATISTICS FOR INTERACTIONS IM THE ADJUSTED LOGISTIC REGRESSION
MODELS OF BIR'l'HWEIGHT C I 5 0 Q  gins
PRIMIPARAE
Social 
Cl ass
Maternal
Age
Sex of 
Infant
Maternal
Height
Previous
Induced
Abortion
Previous
Spontaneous
Abortion
Marital 3.90 1.53 0.92 2.90 0.01
CDO
Status (3) (3) (1) (2) (1) (2)
Previous 3.83 2.61 2.07 3,49 6.31
Spontaneous (6) (6) (2) (4) (2)
Abortion
Previous 1.20 6.97 0,48 3.61
Induced (3) (3) (1 ) (2)
Abortion
Maternal 9.71 9.93 0.04
Height (6) (6) (2)
Sex of 4.17
OJ
Infant (3) (3)
Maternal 13.69
Age (9)
Previous Previous Previous Previous
Social Maternal Sex of Maternal Previous Perinatal Caesarean Induced Spontaneous
MULTIPARAE Class Age Infant Height Livebirth Death Section Abortion Abortion
Mari tal 1.40 4.33 0.20 0,68 0.01 0.66 4.83* 0.95 0.25
Status (3) (3) (1) (2) (1) (1) (1) (1) (2)
Previous 6.91 5.01 4.13 1.54 0.65 1.05 0.96 0.29
Spontaneous (6) (5) (2) (4) (2) (2) (2) (2)
Abortion
Previous 1.17 0.94 0.58 9.03 0.03 0.12 0.66
Induced (3) (3) (1) (2) (1) (1) (1)
Abortion
Previous 2.84 0.66 0.96 2.54 1.48 0. J.2
Caesarean (3) (3) (1) (2) (1) (1)
Section
Previous 4.05 2.22 0.02 7.33* 0.77
Peri natal (3) (3) (1) (2) (1)
Death
Previous 1.55 1.01 2.32 1.71
Livebirth (3) (3) (1) (2)
Maternal 3.59 4.42 0.47
Height (6) (6) (2)
Sex of 1.15 0.69
Infant (3) (3)
Maternal 16.51
Age (9)
* significant at the 5 per cent level
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LIKELIHOOD RATIO STATISTICS FOR INTERACTIONS IN THE ADJUSTED LOGISTIC REGRESSION
MODELS OF BIHTHWEIGHT C  1,000 gins
PRIMIPARAE
Social • 
Class
Maternal
Age
Sex of 
Infant
Maternal
Height
Previous
Induced
Abortion
Previous
Spontaneous
Abortion
Marital
Status
3.21
(3)
6.25
(3)
1.08
(1)
2.81
(2)
0.03
(1)
1.80
(2)
Previous
Spontaneous
Abortion
10.82
(6)
5.99
(0)
1 .19
(2)
2.83
(4)
3.90
(2)
Previous
Induced
Abortion
0.94
(3)
3.56
(3)
0.61
(1)
3.10
(2)
Maternal
Height
3.42
(6)
2.50
(6)
3.04
(2)
Sex of 
Infant
0.91
(3)
0.94
(3)
Maternal
Age
6.10
(9)
Previous
Perinatal
Death
Previous
Caesarean
Section
Previous
Induced
Abortion
Previous
Spontaneous
Abortion
Social
Class
Maternal Sex of 
Infant
Maternal
Height
Previous
LivebirthMULTIPARAE
Mari tal 
Status
0.513.67 1.11 0.30 0.54 0.9? 2,730.52
1.583.41 2.93
(2 )
Previous
Spontaneous
Abortion
1.89 0.060,68
(6 )
1.80Previous
Induced
Abortion
3.06 3.40 6.21 1.51 0.13
(1)
0.00
Previous
Caesarean
Section
3.39 1.09
(2)
0.22 0.05 1.393.72
2.02Previous
Perinatal
Death
5.65 0.06 0.02
Previous
Livebirth
2.48 2.54 3.82
Maternal 1.303.07
7.38Sex of 
Infant
0.34
6.28.Maternal
Age
* significant at the 5 per oent level
TA
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E 
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Three pairs of covariates interacted significantly at the 
5 per cent level in the analysis of birthweight below 2,500 gms 
for primiparae. Estimated odds ratios describing these 
interactions and their 95 per cent confidence intervals are given 
in Table 4.12. First, social class I-II primiparae experienced 
lowest risk of birthweight below 2,500 gms in the 25-34 age 
group, social class III primiparae experienced lowest risk in the 
18-24 age group, while social class IV-V primiparae experienced 
lowest risk when aged under eighteen. These differentials in risk 
can be compared with the findings of Resseguie (1977), described 
in section 1.2.9, that the age of minimum risk of stillbirth in 
first pregnancy increased with increasing educational status. The 
second significant interaction in the analysis of primiparae was 
that between maternal age and marital status. Primiparae aged 
less than eighteen had lower risk of birthweight below 2,500 gms 
if they were single than if they were married. In all other age 
groups single marital status was associated with increased risks 
of birthweight below 2,500 gms. Finally, a significant 
interaction was found between maternal height and age. Short 
women, <150 cm, had lowest risk when aged less than eighteen, 
women of height 150-164 cm had lowest risk if they were in the 
18-24 age group, while the tall women had lowest risk in the 25- 
34 age group. The patterns of risk associated with age within 
height groups parallel the risk associated with age within social 
class groups, and may be partly explained by the correlation 
between social class and maternal height.
In the analysis of birthweight below 2,500 gms for 
multiparae five pairs of covariates were associated with 
significant interaction at the 5 per cent level (Table 4.13). 
First, a history of two or more spontaneous abortions was
119
TABLE 4.12
INTERACTIONS FOR BIRTHWEIGHT <2500 gms: ADJUSTED PRIMIPARAE: 1980-82
a) Social Class - Maternal Age
I-II III IV-V Unknown
<18 years 1.17 (.51,2.69) 1.49 (1.20,1.84) .90 (.69,1.17) 1.11 (.95,1.29)
18-24 years 1.00 1.00 1.00 1.00
25-34 years .94 (.79,1.12) 1.04 (.94,1.14) 1.16 (1.01,1.32) .96 (.83,1.11)
^ 35 years 1.29 (.87,1.90) 1.83 (1.37,2.45) 1.87 (1.25,2.78) 2.09 (1.43,3.03)
b) Marital Status - Maternal Age
< 18 years 18-24 years 25-34 years ^ 35 years
Married 1.00 1.00 1.00 1.00
Single .93 (.76,1.14) 1.32 (1.21,1.45) 1.53 (1.22,1.92) 1.41 (.65,3.04)
c) Maternal Height - Maternal Age
<150 cm 150-164 cm ^  165 cm
>4, 18 years .78 (.52,1.16) 1.17 (1.03,1.33) 1.30 (.96,1.75)
18-24 years 1.00 1.00 1.00
25-34 years 1.12 (.87,1.44) 1.05 (.97,1.13) .94 (.81,1.08)
35 years 3.26 (1.58,6.70) 1.82 (1.49,2.24) 1.29 (.85,1.95)
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TABLE 4.13
INTERACTIONS FOR BIRTHWEIGHT <2500 gms: ADJUSTED MULTIPARAE: 1980-32
a) Maternal Age - Spontaneous Abortion
<, 18 years 18-24 years 25-34 years ^35 years
0 1.00 1.00 1.00 1.00
1 .05 (.00,194.58) 1.41 (1.23,1.63) 1.16 (1.04,1.28) 1.24 (1.00,1.53)
2.13 (1.66,2.72) 2.23 (1.96,2.55) 1.26 (.93,1.70)
b) Maternal Height - Marital Status
150 cm 150-164 cm ^165 cm
Married 1.00 1.00 1.00
Single 1.21 (.73,1.99) 1.55 (1.31,1.84) 2.64 (1.84,3.80)
c) Previous Livebirths - Previous Perinatal Death
0-2 Livebirths £ 3 Livebirths
0 1.00 1.00
*1 2.47 (2.22,2.74) 1.60 (1.23,2.09)
d) Marital Status - Previous Perinatal Death
Married Single
0 1.00 1.00
2.26 (2.04,2.49) 4.25 (2.67,6.78)
e) Marital Status - Previous Caesarean Section
Married Single
0 1.00 1.00
1.17 (1.07,1.29) .57 (.32, 1.04)
1 2 1
associated with much higher risk in the two age groups 18-24 and 
25-34 years (relative odds ratios of 2.13 and 2.23 respectively) 
than for women aged over 35 years (relative odds ratio 1.26); The 
risk associated with single marital status increased with 
increasing maternal height from an odds ratio of 1.21 for 
multiparae of height <150 cm to 2.64 for multiparae of height 
_> 165 cm. Multiparae with three or more livebirths experienced an 
increased risk of 60 per cent if they had additionally had one or 
more perinatal deaths, while for women with less than three 
livebirths the increased risk associated with a previous 
perinatal death was 147 per cent. Finally, single women had much 
higher risk of birthweight below 2,500 gms associated with a 
previous perinatal death than married women, but lower risk 
associated with a previous caesarean section
The improvement in the likelihood of the models for 
birthweight below 2,000 gms and 1,500 gms due to including the 
eight interactions that were significant in the model of 
birthweight below 2,500 gms was reduced, and none of these eight 
interactions was significant at 1,000 gms. In the models for 
birthweight below 1,500 gms and 1,000 gms one extra interaction, 
that between maternal height and a history of perinatal death for 
multiparae, was significant. The estimated odds ratios of this 
interaction in the model for birthweight below 1,000 gms for 
multiparae are given in Table 4.14. Multiparae of height <150 cm 
experienced an odds ratio of 7.24 for birthweight below -1,000 gms 
associated with previous perinatal death, for multiparae of 
height 150-164 cm the odds ratio was 5.36, while for multiparae 
of height >_165 cm the odds ratio was 0.02. The confidence 
intervals around these estimates were wide.
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4.2.3 Assessment of Fit of the Main Effects Model
The main focus of the study of low birthweight was to 
estimate the risk associated with individual covariates, and to 
examine the extent to which these risks could be explained by 
adjusting for the other covariates. It can be seen from the 
previous section that, although several of the interactions 
between pairs of covariates were associated with significant 
improvements in the fit of the model for birthweight below 2,500 
gms, these terms were not nearly so important as the main effects 
in the model. In this section additional diagnostic tests of the 
fit of the main effects logistic models for priraiparae and 
multiparae are given.
Extreme residuals from the main effects models of 
birthweight below each of the four cutpoints were examined. 
Tables 4.15 gives the number of extreme Pearson residuals 
(section 3*2.2) above 1.96 and below -1.96. If the residuals are 
Normally distributed then approximately 5 per cent (33 in the 
data for primiparae and 105 in the data for multiparae) should 
lie outside these limits. In the analysis of birthweight below
2,500 gms and 2,000 gms, greater numbers of extreme positive 
residuals were observed. However, as suggested in section 3.2.2, 
the Pearson residuals may not be normally distributed even when 
the model is adequate. To investigate this possibility Binomial 
deviates were simulated corresponding to the number of 
individuals observed for each distinct combination of covariates. 
In order to simplify the simulation, the Binomial deviates were 
assumed to have a constant success probability which was taken to 
be the average of the fitted probabilities over the cells in each 
of the analyses. The simulated Pearson residuals were calculated 
by replacing the fitted probability with the known mean of the
124
TABLE 4.15
COMPARISON OF OBSERVED NUMBERS QF PEARSON RESIDUALS GREATER THAW 1.96 AND
LESS THAN -1.96 WITH SIMULATED MEANS AND STANDARD DEVIATIONS
PRIMIPARAE MULTIPARAE
Observed
Simulated 
Mean (s.d.)' Observed
Simulated 
Mean (s.d.)
Birthweight <2500 gms
Number > 1.96 
Number <-1.96
Average
probabi;
35
3
observed 
.ity = .10929
34.40 (5.90) 
3.50 (1.80)
Average
probabi!
128
4
observed 
.ity = .09777
107.20 (9.12) 
5.03 (2.37)
Birthweight <2000 gms
Number >1.96 
Number < -1.96
Average
probabi.
42
0
observed 
-ity = .04116
35.26 (5.91) 
1.90 (1.26)
Average
probabi.
131
0
observed 
.ity = .03496
121.96 (10.22) 
2.27 (1.39)
Birthweight <1500 gms
Number >1.96 
Number <-1.96
Average c 
probabil]
45
0
)bserved 
.ty = .01672
29.24 (5.68) 
1.05 (1.06)
Average
probabi'
90
0
observed 
.ity = .01496
90.80 (8.96) 
1.06 (1.00)
Birthweight <1000 gms
Number > 1.96 
Number <-1.96
Average
probabil]
25
0
sb served 
Lty = .00502
22.08 (4.26) 
0,40 (0.68)
Average
probabii
46
0
observed 
Lity » .00309
51.71 (6.97) 
0.27 (.55)
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Binomial deviate. A hundred repetitions of each analysis were 
simulated and the average number (and standard deviation) of 
extreme residuals were obtained and are given in Table 4.15. In 
all cases the observed numbers of extreme residuals were close to 
their simulated means, suggesting that the high numbers of 
extreme residuals may not be indicative of inadequacies in the 
model.
Table 4.16 presents the results of a similar comparison of
observed numbers of extreme deviance residuals (section 3.1.4)
with mean numbers obtained from a hundred simulations. In the
analysis of birthweight below 2,500 gms and 2,000 gms neither the
observed nor simulated residuals appear to be skewed and further,
both show fewer than expected outside the nominal 5 per cent
limits. However, in the case of birthweight below 1,000 gms a
high proportion of the deviance residuals (16 per cent for
primiparae and 48 per cent for multiparae) were below -1.96. This
was caused by the adjustment to reduce bias, the term 
1/2(2ia-1)/{6[nii(1-v0] }, which, when u is very small becomes large
and negative. A repetition of the analysis calculating deviance 
residuals without the adjustment for bias, Table 4.1T » avoided 
this effect, however the residuals were again distributed with 
mean greater than the nominal level of zero.
Figures 4.1 and 4.2 show plots of observed against fitted 
values of the risk of birthweight below 2,500 gms, 2,000 gms,
1,500 gms and 1,000 gms from the main effects models of the data 
for primiparae and multiparae respectively. The fitted scales in 
the plots were grouped into the categories shown in Table 4.18. 
These categorisations were chosen so that the categories were 
adequately represented and covered the range of values of fitted
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TABLE 4.16
COMPARISON OF OBSERVED NUMBERS OF DEVIANCE RESIDUALS GREATER THAN 1.96 AND
LESS THAN -1.96 WITH SIMULATED MEANS AND STANDARD DEVIATIONS
PRIMIPARAE MULTIPARAE
Observed
Simulated 
Mean (s.d.) Observed
Simulated 
Mean (s.d.)
Birthweight <2500 gms
Number >1.96 
Number <-1.96
Average
probabi;
12
10
observed 
.ity = .10929
9.63 (3.40) 
11.98 (3.40)
Average
probabil
27
30
observed 
.ity = .09777
22.01 (4.74) 
24.79 (5.25)
Birthweight <2000 gms
Number > l.96 
Number <-1.96
Average
probabi;
7
7
observed 
.ity = .04116
7.05 (3.20) 
9-.64 (2.74)
Average
probabi;
15
13
observed 
-ity = .03496
15.30 (3.86) 
15.88 (3.70)
Birthweight <1500 gms
Number >1.96 
Number <-1.96
Average
probabi;
3
5
observed 
Lity = .01672
5.06 (2.14) 
5.47 (2.06)
Average
probabi;
6
126
observed 
.ity = .01496
9.27 (3.05) 
10.09 (3.12)
Birthweight <1000 gms
Number >1.96 
Number < —1.96
Average
probabi]
1
103
observed 
Lity = .00502
2.64 (1.66) 
138.05 (1.83)
Average
probabi;
2
1013
observed 
Lity = .00309
3.59 (2.75) 
861.38 (2.75)
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TABLE 4.17
COMPARISON OF OBSERVED NUMBERS OF DEVIANCE RESIDUALS UNADJUSTED FOR BIAS
GREATER THAN 1.96 AND LESS THAN -1.96 WITH SIMULATED MEANS AND STANDARD DEVIATIONS
PRIMIPARAE MULTIPARAE
Observed
Simulated 
Mean (s.d.) Observed
Simulated 
Mean (s.d.)
Birthweight 42500 gms
Number >1.96 
Number <-1.96
Average
probabi!
20
7
observed 
.ity = .10929
25.84 (4.79) 
9.21 (2.92)
Average
probabi]
74
19
observed 
.ity = .09777
91.84 (9.85) 
20.47 (4.21)
Birthweight <2000 gms
Number >1.96 
Number <-1.96
Average
probabi!
20
3
observed 
.ity = .04116
14.84 (3.31) 
7.90 (2.58)
Average
probabi!
58
11
observed 
.ity = .03496
59.68 (6.43) 
11.03 (3.12)
Birthweight <1500 gms
Number >1.96 
Number <-1.96
Average
probabi]
17
3
observed 
Lity = .01672
12.88 (3.49) 
4.94 (2.33)
Average
probabi]
46
2
observed 
.ity = .01496
45.64 (6.59) 
7.11 (2.36)
Birthweight <1000 gms
Number >1.96 
Number <-1.96
Average
probabi]
13
0
observed 
Lity = .00502
11.44 (3.06) 
1.61 (1.51)
Average
probabi]
24
1
observed 
Lity = .00309
25.63 (4.81) 
1.14 (1.13)
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EFFECTS MODEL FOR BIRTHWEIGHT: PRIMIPARAE
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MAIN EFFECTS MODEL FOR BIRTHWEIGHT: MULTIPARAE
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probabilities in the analysis of primiparae. The same 
categorisations were used in the plots for multiparae, and this 
resulted in the categories representing the lowest risks of 
birthweight below each outpoint having higher frequencies. 
Observed values were plotted against the weighted average of the 
fitted probabilities in each category. Both axes were plotted on 
the scale of log probabilities and the same range was used in all 
four plots.
The plots of observed versus fitted probabilities from the 
models of birthweight below 2,500 gms for both groups of women 
showed that observed were close to fitted probabilities for all 
but the two categories representing highest fitted risk. Even the 
highest points in the confidence intervals about the observed 
probabilities in these two categories were considerably lower 
than the corresponding averaged fitted values. However, these 
categories accounted for only 0.07 per cent of primiparae and 
0.34 per cent of multiparae. The categories covering the large 
majority of both groups of women showed close agreement between 
observed and fitted values. The plots from the analysis of 
birthweight below 2,000 gms, 1,500 gms and 1,000 gms showed a 
similar pattern. The final categories in which the observed rate 
lay significantly below the line of equality between observed and 
fitted values in these plots, represented a larger proportion of 
the study population. This was particularly the case in the 
analysis of birthweight below 1,000 gms for multiparae when 21 
per cent of the study population was represented by the final 
four categories in which the observed rate was significantly 
lower than the fitted rate.
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Section 4.2.2 described how several interactions were 
significant, particularly in the model of birthweight below 2,500 
gms. The plots, however, showed the two models of birthweight 
below 2,500 gms to be the best fitting in terms of matching 
observed and fitted probabilities. To examine whether the 
inclusion of the single significant interaction (that between 
maternal height and previous perinatal death) in the model for 
birthweight below 1,000 gms for multiparae, the least adequately 
fitting model revealed by the plots, would substantially improve 
the fit of the main effects model, observed probabilities were 
plotted against fitted with the interaction included (Figure 
4.3)* The first of the four confidence intervals below the line 
of equality was slightly higher when the model included the 
interaction, just reaching the line of equality. Overall, the fit 
of the main effects model was not greatly changed.
The plots of observed against fitted values showed that the 
main effects logistic regression models tended to over-estimate 
the probability of low birthweight amongst categories of infants 
with high fitted probabilities. This was particularly the case in 
the models of birthweight below the lower outpoints, which were 
based on fewest numbers of births. Inclusion of an interaction in 
the model for birthweight below 1,000 gms for multiparae, 
suggests that the interactions would not greatly improve the 
prediction of high risk infants.
In section 3*1*5 a method of testing the adequacy of the 
logistic link function within a two parameter family of functions 
was described. This involved calculating two extra variables 
which were functions of the mean vector from the main effects 
model, and testing for their significance in the presence of the 
main effects. The results of these tests are presented in Table
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4.19* In the case of birthweight below 2,500 gms the two 
estimated parameters were very similar in magnitude, and in the 
remaining analyses the parameters were aliased. In no case did 
their inclusion result In a significant improvement in the 
likelihood. This suggests that no function in the family would do 
substantially better in modelling the data than the logistic, 
however, if the logistic model is not sufficiently close to the 
true process that generated the data, the method cannot be 
expected to indicate any possible improvements to the model, or 
the lack of them. The tests give only qualified support to the 
use of the logistic regression model for this data.
4.3 Proportional Hazards Model for Gestational Age
4.3.1 Introduction
A strong association between several of the covariates and 
birthweight was demonstrated in the previous sections. The 
analysis now turns to gestational age, which may explain the 
association with birthweight. If a covariate is associated with 
low birthweight but not shortened gestation, its influence must 
lie through birthweight standardised for gestational age, the 
subject of the analyses of section 4.5.
The relationship between the covariates and gestational age 
was investigated within the framework of a proportional hazards 
model. The unborn foetus within a subgroup of the population is 
assumed to experience a hazard, or instantaneous risk of 
delivery increased or decreased by a constant multiplicative 
factor throughout the study period of 28 to 36 weeks of gestation 
relative to a reference group. An initial examination of the data 
showed that, while differences in the observed weekly hazard 
across the categories of most covariates persisted up to the 36^
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week of gestation, the hazards of birth converged in later weeks
and were mostly very similar around term. The proportionality
assumption was thus unlikely to be reasonable for the whole
period and the analysis was restricted to the preterm period 
t h.
before the 37 week of gestation. Later births were regarded as
a single group and the analysis thus had ten time periods, weekly
t h,intervals from the 28 week, and births of gestation 37 
completed weeks or more. In terms of the notation of section 
3.3*3 the time intervals, {[c ,c )}, are completed weeks of
w W '
L. L«.
gestation, the first interval, the 28 week, for example, 
corresponds to days 196-202 with a equal to midnight on day 195 
and c^ midnight on day 202, the 36 week to days 252-258, and 
the final time period from day 259 to infinity.
4.3*2 Main Effects Proportional Hazards Model
Tables 4.20 and 4.21 present the unadjusted and adjusted 
relative hazards of delivery from the proportional hazards models 
for primiparae and multiparae respectively. Likelihood ratio 
statistics to test the significance of the hazards are given in 
Table 4.22. First, female infants experienced a lower risk of 
preterm delivery than male infants, the adjusted relative hazards 
for female infants being 0.89 in the analysis of primiparae and 
0.85 amongst multiparae. This finding contrasts with the result 
of increased risk of birthweight below 2,500 gms experienced by 
female infants.
Single marital status was associated with increased hazards 
of preterm delivery which were more extreme for multiparae (65 
per cent increase) than primiparae (45 per cent increase). 
Infants in social class I-II experienced a relative hazard of 
preterm delivery that was decreased by 16 and 25 per cent
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TABLE 4.20
PRIMIPARAE: ESTIMATED ADJUSTED AND UNADJUSTED RELATIVE HAZARDS OF DELIVERY
(< 37 WEEKS)
95% CONFIDENCE INTERVALS IN BRACKETS
Covariate
Unadjusted 
Relative Hazard
Adjusted 
Relative Hazard
Sex
Male 1.00 1.00
Female 0.88 (0.79, 0.97) 0.89 (0.80, 0.98)
Marital Status
Married 1.00 1.00
Single 1.62 (1.43, 1.84) 1.45 (1.26, 1.67)
Social Class
I-II 0.83 (0.71, 0.98) 0.84 (0.71, 0.99)
III 1.00 1.00
IV-V 1.14 (0.99, 1.31) 1.10 (0.96, 1.27)
Unknown 1.31 (1.15, 1.49) 1.14 (1.00, 1.31)
Mother 1s Height
<150 cm 1.52 (1.21, 1.93) 1.46 (1.15, 1.84)
150-164 cm 1.00 1.00
^.165 cm 0.73 (0.64, 0.83) 0.75 (0.66, 0.86)
Mother's Age
<18 yrs 1.76 (1.47, 2.11) 1.47 (1.21, 1.77)
18-24 yrs 1.00 1.00
25-34 yrs 0.99 (0.89, 1.11) 1.13 (1.00, 1.27)
£ 35 yrs 1.60 (1.15, 2.22) 1.81 (1.30, 2.53)
Spontaneous Abortion
0 1.00 1.00
1 1.16 (0.97, 1.39) 1.21 (1.01, 1.46)
2+ 1.48 (1.02, 2.16) 1.54 (1.05, 2.24)
Therapeutic Abortion
0 1.00 1.00
1+ 1.28 (1.05, 1.55) 1.28 (1.06, 1.56)
138
TABLE 4.21
MULTIPARAE: ESTIMATED ADJUSTED AND UNADJUSTED RELATIVE HAZARDS OF DELIVERY
( 37 WEEKS)
95% CONFIDENCE INTERVALS IN BRACKETS
Covariate
Unadjusted 
Relative Hazard
Adjusted 
Relative Hazard
Sex
Male 1.00 1.00
Female 0.86 (0.78, 0.95) 0.85 (0.77, 0.94)
Marital Status
Married 1.00 1.00.
Single 1.98 (1.56, 2.52) 1.65 (1.29, 2.13)
Social Class
I-II 0.72 (0.62, 0.85) 0.75 (0.64, 0.88)
III 1.00 1.00
IV-V 1.15 (1.01, 1.30) 1.09 (0.96, 1.24)
Unknown 1.30 (1.15, 1.48) 1.18 (1.03, 1.34)
Mother's Height
<150 cm !.21 (0.95, 1.52) 1.08 (0.85, 1.36)
150—164 cm 1.00 1.00
165 cm 0.84 (0.75, 0.95) 0.91 (0.80, 1.02)
Mother1s Age
< IS yrs 3.88 (2.08, 7.25) 3.61 (1.91, 6.79}
18-24 yrs 1.00 1.00
25-34 yrs 0.81 (0.73, 0.90) 0.83 (0.74, 0.93)
^ 35 yrs 1.31 (1.11, 1.55) 1.20 (1.00, 1.44)
Spontaneous Abortion
0 1.00 1.00
1 1.29 (1.14, 1.47) 1.26 (1.11, 1.43)
2+ 1.95 (1.63, 2.34) 1.81 (1.50, 2.17)
Therapeutic Abortion
0 1.00 1.00
1 + 1.63 (1.38, 1.93) 1.59 (1.34, 1.89)
Previous Caesarean
Section
0 1.00 1.00
1 + 1.24 (1.06, 1.45) 1.19 (1.02, 1.39)
Previous Peri-natal
Death
0 1.00 1.00
1+ 2.57 (2.21, 3.01) 2.36 (2.02, 2.76)
Previous Live Birth
0-2 1.00 1.00
3+ 1.40 (1.23, 1.60) 1.26 (1.09, 1.45)
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compared with social class III infants, but although social class 
IV-V infants experienced increased hazards, the increase was not 
so great as the corresponding increased risk of birthweight below
2,500 gms. Both confidence intervals for the relative hazard 
associated with social class IV-V contained the value unity.
The gradient of hazard associated with maternal height 
amongst primiparae was not as strong as the gradient in risk of 
low birthweight, with relative hazard of 1.46 for women of 
height <150 cm, and 0.75 for women of height >_165 cm. This 
covariate was not responsible for the largest increase in the 
likelihood of the model for delivery in the preterm period as it 
was for birthweight below 2,500 gms. Amongst multiparae, even 
though a slight gradient in hazard of preterm delivery across 
height categories was observed, maternal height was not 
significantly associated with preterm delivery. As with low 
birthweight, both primiparae and multiparae at either end of the 
age range experienced substantially increased hazard of preterm 
delivery and the lowest hazard was associated with the most 
frequently occurring age category. Infants of primiparae aged 
over 35 experienced increased relative hazard of 1.81, while the 
infants of very young multiparae, aged under eighteen experienced 
a relative hazard of 3*61 compared to the 18-24 age category and 
4.35 compared to the 25-34 age category.
A history ,of two or more spontaneous abortions was 
associated with increased hazard for primiparae (54 per cent 
increase) and particularly for multiparae (81 per cent increase), 
while a history of one spontaneous abortion was associated with a 
hazard increased by over 20 per cent in both groups of women. A 
previous induced abortion was associated with increased hazard 
of 28 and 59 per cent for primiparae and multiparae respectively.
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The final three aspects of obstetric history for multiparae were 
all associated with increased hazard. Of the three, a history of 
perinatal death was the most important, associated with a hazard 
increased by 136 per cent. In the model for multiparae, a history 
of perinatal death, followed by spontaneous and induced abortion, 
were the three factors which had the major impact on the 
likelihood.
4.3.3 Covariate Interactions in a Binary Logistic Model for 
Preterm Delivery
Interactions between pairs of covariates were examined in a 
related model, a binary logistic regression of preterm delivery. 
Fitting this model was cheaper in computer time and odds ratios 
from the logistic model for preterm delivery (Table 4.23) were 
very similar to the estimated hazard of birth during the same 
period. This similarity is investigated further in section 4.5. 
By restricting the investigation of interactions to a binary 
regression, however, it was not possible to test whether the 
interactions had proportional effects on the hazards.
Table 4.24 gives the likelihood ratio statistics for 
inclusion of the interactions with the main effects in a logistic 
regression for preterm delivery. One interaction, that between 
maternal height and age for primiparae, reached significance at 
the 5 per cent level. The estimated odds ratios for maternal age 
within height groups are given in Table 4.25, and show a similar 
pattern to the corresponding interactions in the model of low 
birthweight. Infants of primiparae of height <150 cm experienced 
lowest risk in the under eighteen age category, infants of 
primiparae of height 150-164 cm experienced lowest risk in the 
18-24 age category, while the infants of the tallest primiparae
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TABLE 4.23
ADJUSTED ODDS RATIOS OF PRETERM DELIVERY: 1981
Covariate Primiparae Multiparae
Sex of Infant
Male 1.00 1.00
Female .88 (.79,.98) .85 (.77,.94)
Marital Status
Married 1.00 1.00
Single 1.47(1.27,1.70) 1.68(1.29,2.18)
Social Class
I-II .83(.70,.99) .75(.63,.88)
III 1.00 1.00
IV-V 1.11(.96,1.28) 1.09(.96,1.24)
Unknown 1.15(1.00,1.32) 1.18(1.03,1.35)
Maternal Height
^150 cm 1.48(1.15,1.89) 1.08(.85,1.38)
150-164 cm 1.00 1.00
^165 cm .75(.65,.85) .90(,80,1.02)
Maternal Age
18 yrs 1.49(1.22,1.82) 3.77(1.88,7.56)
18—24 yrs 1.00 1.00
25-34 yrs 1.13(1.00,1.28) ,82(.73,.93)
^ 35 yrs 1.84(1.30,2.61) 1.21(1.00,1.46)
Previous
Spontaneous
Abortion
0 1.00 1.00
1 1.21(1.00,1.47) 1.27(1.11,1.45)
1.55(1.04,2.29) 1.84(1.52,2.23)
Previous
Induced
Abortion
0 1.00 1.00
£ 1 1. 29 (1.06,1.58) 1.62(1.35,1.93)
Previous
Caesarean
Section
0 _ 1.00
? 1 - 1.20(1.02,1.41)
Previous
Perinatal
Death
0 1.00
- 2.43(2.06,2.86)
Previous
Livebirth
0-2 _ 1.00
^ 3 - 1.27(1.09,1.47)
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TABLE 4.24
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J
LIKELIHOOD RATIO STATISTICS FOR INTERACTIONS IN ADJUSTED LOGISTIC
REGRESSION OF PRETERM DELIVERY
PRIMIPARAE
Social
Class
Maternal
Age
Sex of 
Infant
Maternal
Height
Previous
Induced
Abortion
Previous
Spontaneous
Abortion
Marital 2.68 3.01 1.27 .98 3.10 1.10
Status (3) (3) (1) (2) (1) (2)
Previous 3.80 9.41 5.30 3.84 3.03
Spontaneous (6) (6) (2) (4) (2)
Abortion
Previous 1.16 1.96 2.59 .59
Induced (3) (3) (1) (2)
Abortion
Maternal 2.91 14.41* 1.74
Height (6) (6) (2)
Sex of 4.14 1.66
Infant (3) (3)
Maternal 5.38
Age (9)
MULTIPARAE
Social
Class
Maternal
Age
Sex of 
Infant
Mn ternal 
Height
Previous
Livebirth
Perinatal
Death
Previous
Caesarean
Section
Previous
Induced
Abortion
Previous
Spontaneous
Abortion
Marital 3.76 2.43 .17 3.64 1.21 .52 .19 .71 .98
Status (3) (3) (1) (2) (1) (1) (1) (1) (2)
Previous 6.31 2.00 9.87* 1.53 1.70 3.61 4.71 .57
Spontaneous (6) (5) (2) (4) (2) (2) (2) (2)
Abortion
Previous 1.01 .06 .00 .54 .00 .09 .41
Induced (3) (2) (1) (2) (1) (1) (1)
Abortion
Previous .84 ] .60 2.16 2.94 .23 .86
Caesarean (3) (3) (1) (2) (1) (1)
Section
Previous 1.36 2.27 .30 .04 .06
Perinatal (3) (3) (1) (2) (1)
Death
Previous 1.30 3.83 .36 .09
Livebirth (3) (2) (1) (2)
Maternal 8.88 1.32 6.49*
Height (6) (6) (2)
Sex of 1.16 1.88
Infant (3) (3)
Maternal 10.66
Age (9)
* significant at the 5 per cent level
TABLE 4.25
INTERACTIONS SIGNIFICANT AT THE 5 PER CENT LEVEL IN LOGISTIC 
REGRESSION OF PRETERM DELIVERY: 1981
Primiparae a) Maternal Height - Maternal Age
<,150 cm 150-164 cm ^ 165 cm
<£.18 yrs 
18-24 yrs 
25-34 yrs 
^>35 yrs
.74(.28,1.93) 
1.00
1.10(.63,1.93) 
14.90(3.19,69.54)
1.57(1.26,1.95)
1.00
1.21(1.05,1.39)
1.75(1.14,2.69)
1.50(.92,2.44) 
1.00 
.90(.69,1.16) 
1.45(.72,2.90)
Multiparae a) Previous Spontaneous Abortion - Sex of Infant
0 1 ;> 2
Male
Female
1.00 
.93(.83,1.05)
1.00 
.62(.49,.79)
1.00 
,71(.49,1.03)
b) Maternal Height - Sex of Infant
<. 150 cm 150-164 cm ^ 165 cm
Male 1.00 1.00 1.00
Female .53(.32,.86) .91(.81,1.02) .74(.59,.92)
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experienced lowest risk in the 25-34 age category. Amongst 
multiparae, two interactions, those between previous spontaneous 
abortion, maternal height and sex of infant, were significant at 
the 5 per cent level. Male infants of multiparous women with a 
history of spontaneous abortion experienced a greater 
differential in risk of preterm delivery, than male infants of 
multiparae without such a history. The changes in risk 
associated with sex of infant within height categories are not 
easily interpretable.
4.3.4 Non-Proportional Models
The justification for the proportionality assumption between 
t tl fc tlthe 28 and 36 week was examined in several ways. First, 
logarithms of the empirical weekly hazards were plotted for 
primiparae and multiparae, Figures 4.4 and 4.5 respectively. The 
plots for each covariate include weeks for which no births were 
observed and the value of the logarithm of the weekly hazard was 
minus infinity, below the lower frame. The plots show that the 
hazards fluctuated most at lower gestational ages, where there 
were fewest births and hence greater variability; and for 
categories that occurred infrequently in the population. The 
most interesting feature is the difference in the weekly hazard 
between covariate categories. The proportional hazards model is 
based on the assumption that these differences are constant on 
the logarithmic scale, and examination of the plots suggests that 
this assumption was not unreasonable.
A proportional hazards model for each covariate was compared 
with two more general models in which time-dependent covariate 
effects were introduced to provide a test of the validity of the 
proportionality assumption. In the first model sufficient 
parameters were included to allow the relative hazards to vary
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without restriction across time intervals and the hazards were 
fully dependent on time; in the second model it was assumed that 
the effect of each covariate on the logarithm of the hazard was a 
linear function of the time index. In the latter model the 
relative hazard associated with each covariate increased or 
decreased with time, providing a plausible model for time trends. 
Details of the parameterisation of these models is given in 
section 3.4.4. Both sets of time dependent models were fitted 
without adjusting for the other covariates. Likelihood ratio 
tests were performed to assess the significance of the time- 
dependent terms (Table 4.22). The tests for full time-dependency 
revealed one significant result, that of maternal age for 
primiparae. No covariate showed a significant linear time trend.
Table 4.26 gives the estimated parameters from the linear 
time-dependent models. The intercept parameters measure the 
difference between the hazard in each category and the reference 
hazard at 28 weeks, and the slope parameters measure the constant 
weekly increment in the difference from the reference hazard. The 
parameters are presented on the hazard scale rather than the log 
hazard scale, slope parameters less than unity thus represent 
decreasing relative hazards over time, when greater than unity 
they represent relative hazards increasing over time. None of the 
confidence intervals for the slope parameters exclude unity. Some 
of the intercept parameters are substantially different from the 
unadjusted relative hazards under the proportionality assumption 
in Tables 4.20 and 4.21. This can be explained by noting that the 
estimates of the proportional hazards are based on all weeks and 
the final weeks are influential in the analysis as they have the 
highest rates of delivery. The intercept parameter measures the
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TABLE 4.26
PARAMETER ESTIMATES FROM LINEAR TIME DEPENDENT MODELS FOR PRETERM DELIVERY: 19B1
PRIMIPARAE MULTIPARAE
Covariates Intercept at 28 weeks Slope
Intercept at 
28 weeks Slope
Sex of Infant
Female .69{.49,.99) 1.03(.99,1.08) .88(.63,1.25) 1.00(.95,1.04)
Marital Status
Single 1.65(1.07,2.55) 1.00(.94,1.06) 2.59(1.18,5.67) .96(.87,1.07)
Social Class
I-II
IV-V
Unknown
.56(.32,1.04) 
.87(.53,1.41) 
1.34(.87,2.07)
1.05{.97,1.14) 
1.04(.97,1.11) 
1.00(.94,1.06)
.90(.52,1.55) 
1.15(.73,1.81) 
1.55(.99,2.43)
.97(.90,1.04) 
.99(.94,1.06) 
•98(.92,1.04)
Maternal Height
<150 cm 
>165 cm
1.63(.75,3.55) 
.58(.36,.92)
.99(.89,1.10) 
1.03(.97,1.10)
.82(.33,2.04) 
.99(.65,1.50)
1.05(.94,1.18) 
.98(.93,1.04)
Maternal Age
<18 yrs 
25-34 yrs 
35 yrs
1,65{.88,3.11) 
1.27(.87,1.86) 
1,42(.44,4.60)
1.01(.93,1.10) 
.97(.92(1.02) 
1.02(.87,1.19)
10.29(1.89,55.96) 
.80(.54,1.18) 
1.53(.86,2.72)
.87(.68,1.11) 
1.00(.95,1.05) 
.98(.91,1.06
Previous
Spontaneous
Abortion
1
22
1.58(.88,2.85) 
3.93(1.43,10.82)
.96(.88,1.04) 
.87(.75,1.00)
1.06(.67,1.70) 
3.26(1.84,5.77)
1.03(.97,1.09) 
.93(.86,1.01)
Previous
Induced
Abortion
1.35(.70,2.58) .99(.91,1.08) 1.89(1.06,3.63) .98(.91,1.06)
Previous
Caesarean
Section
21 - - 1.47(.87,2.50) .98(.91,1.05)
Previous
Perinatal
Death
21 - - 4.16(2.53,6.84) .93(.87,1.00)
Previous
Livebirth
23 - .98(.59,1.63) 1.05(.98,1.12)
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difference at 28 weeks and, after adjusting for the passage of 
eight time periods, the discrepancy is not large.
Figure 4.6 demonstrates the effect of relaxing the 
proportionality assumption for the covariate previous spontaneous 
abortion in the unadjusted model for primiparae. Figure 4.6.a 
shows the observed weekly hazards and corresponds to the model of 
full time-dependence in the absence of the other covariates. In 
Figure 4.6.b the model is restricted to the four parameters 
measuring linear time-dependence in the relative hazards. Figure 
4.6.c s hows the e s t i m a t e d  w e e k l y  hazards under the 
proportionality assumption. The decreasing relative hazards as 
gestational age progresses from the 28fcil to the 36th week in 
Figure 4.6.b provide a better summary of the observed hazards 
than the proportional hazards of Figure 4.6.c, but the less 
restricted model did not result in a significant improvement in 
the likelihood compared to the proportional hazards model.
4.4 Polytomous Logistic Regression M odel for Birthweight 
Standardised for Gestational Age
4.4.1 Introduction
Sections 4.2 and 4.3 demonstrated that several covariates 
were associated with similar patterns of risk of low birthweight 
and hazard of delivery during the preterm period. The risks of 
the two perinatal outcomes differed for other covariates, either 
in direction (sex of infant), or magnitude (maternal height, for 
example). This section examines the association between the 
covariates and birthweight standardised for gestational age. If 
association with birthweight cannot be explained by an increased 
hazard of preterm delivery we must look to the risk of 
birthweight standardised for gestational age for an explanation.
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The response examined in this section is an ordered polytomous 
variable with eight categories representing the position of the 
infant on the birthweight distribution for its gestational age in 
terms of seven percentiles (the 5th, 10th, 25th, 50th, 75th, 
90th and 95th). The models presented in section 4.4 constrained 
the odds ratios of birthweight below each percentile to be equal. 
In section 4.4.3 the constraints are lifted to allow the odds 
ratios to vary over percentiles.
The polytomous models with odds ratios constrained to be 
equal at each outpoint on the scale of birthweight standardised 
for gestational age describe a stochastic ordering of the 
response variable with respect to the categories of the 
covariates. Under certain circumstances the constrained model can 
result from a simple change in location of an underlying 
continuous variable. In section 3.3.4 by assuming that an 
underlying continuous variable varied according to a logistic 
distribution and that the distribution changed between subgroups 
of the population in terms of location parameter only, it was 
shown that use of the logistic link function in a generalised 
model would result in the constrained model having equal odds 
ratios at each outpoint. In the following paragraph some evidence 
for the first assumption that the underlying distribution may be 
close to a logistic distribution is presented.
In Table 4.27 the skewness and kurtosis of the birthweight 
distribution at each gestational age are presented, along with 
approximate 95 percentiles of the distribution of these 
statistics assuming they come from a Normal distribution. On the 
whole the observed values showed positive skewness and slightly 
higher values for kurtosis than would be expected from a Normal 
sample of the appropriate size. However, considering the large
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sizes of many of the samples, birthweight was close to Normally 
distributed within each week of gestation. The observed values of 
kurtosis being postive was evidence of flatter tails to the 
underlying distribution. The logistic and Normal distributions 
are similar in appearance both being symmetrical but the logistic 
has flatter tails with kurtosis of 1.2. In the description of the 
results when the constrained model adequately describes the 
association with a covariate, the association is described as a 
change in location of the distribution. While this provides an 
easy interpretation of the model, it is only partly justified by 
the results of Table 4.27, and the assumed lack of change in 
scale remains untested.
Some preliminary results in this section were based on an 
analysis of birthweight standardised for gestational age for term 
and preterm deliveries combined. Table 4.28 gives the estimated 
odds ratios from the generalised linear models for primiparae and 
multiparae in which the odds ratios at each of the seven 
percentiles were constrained to be equal. The covariate, sex of 
infant, was not included in this, or any of the following 
analyses of birthweight standardised for gestational age because 
sex was controlled in the standardisation procedure. In Table 
4.29 results from a similar series of analyses are given, in 
which each covariate in turn was allowed to have different odds 
ratios amongst term and preterm infants. The likelihoods of 
these models were compared with the likelihood of the model 
including the main effects of the covariates and an additional 
term describing the status, preterm or otherwise of the infant. 
Likelihood ratio statistics and their appropriate degrees of 
freedom are also given in Table 4.29. The constrained odds ratios
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TABLE 4.28
ADJUSTED ODDS RATIOS IN THE GENERALISED MODEL, WITH ODDS RATIOS 
CONSTRAINED TO BE EQUAL AT ALL PERCENTILES: TERM AND PRETERM INFANTS
COMBINED
Covariate Primiparae Multiparae
Marital Status
Married 1.00 1.00
Single 1.16(1.11,1.20) 1.24(1.16,1.34)
Social Class
I-II .93(.90,.96) .85(.82,.88)
III 1.00 1.00
IV-V 1.13(1.09,1.17) 1.13(1.10,1.16)
Unknown 1.15(1.11,1.19) 1.19(1.16,1.28)
Maternal Height 1
<150 cm 2.12(1.98,2.27) 2.11(2.00,2.24)
150—164 cm 1.00 1.00
^165 cm .55(.54,.57} .57(.55,.58)
Maternal Age
<18 yrs .80(.76,.85) 1.01(.80,1.28)
18—24 yrs 1.00 1.00
25-34 yrs .94(.91,.96) .82(.80,.84)
^ 35 yrs .93(.85,1.02) .80(.76,.84)
Previous
Spontaneous
Abortion
0 1.00 1.00
1 .99(.95,1.04) 1.04(1.01,1.08)
z 2 1.08(.97,1.20) 1.22(1-16,1-28)
Previous
Induced
Abortion
0 1.00 1.00
1.02(.97,1.08) 1.09(1.04,1.14)
Previous
Caesarean
Section
0 _ 1.00
-7, 1 - .86(.82,.90)
Previous
Perinatal
Death
0 - 1.00
- 1.24(1.18,1.30)
Previous
Livebirth
0-2 — 1.00
?3 - .96(.93,.99)
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ADJUSTED ODDS RATIOS IN THE GENERALISED MODEL AND THEIR LIKELIHOOD RATIO STATISTICS OF COVARIATE
INTERACTIONS WITH PRETERM/OTHER DELIVERY
PRIMIPARAE MULTIPARAE
COVARIATE
Term Preterm
Likeli-
hood
Ratio Term Preterm
Likeli­
hood
Ratio
Marital Statue
Married 1.00 1.00 40.26 1.00 1.00 10.74
Single 1.19(1.14,1.24) .77(.68,.88) (1) 1.28(1.19,1,38) .84 ( .66,1.07) (1)
Social Class
I-II ,93(.89,.96) 1,06(.90,1.26) 14.37 ,84(.82,.87) 1.07(.90,1.26) 21.11
III 1.00 1.00 (3) 1.00 1.00 (3)
IV-V 1.13(1.09,1.17) 1.08(.94,1.24) 1.13(1.10,1.16) 1 . 1 2 (.98,1.29)
Unknown 1.16(1.12,1.20) ,97(.85,1.11) 1.20(1.16,1.24) 1.0 0 ( ,87,1.14)
Maternal Height
<■ 150 cm 2.37(2.01,2.33) 1.59(1.26,2.00) 23.02 2.17(2.05,2.30) 1.38(1.09,1.74) 29.57
150-164 cm 1.00 1.00 (2) 1.00 1.00 (2)
^  165 cm .55(.53,.56) .70(.62,.80) .56(.55,.58) .71(.62,.81)
Maternal Age
^ 1 8  yrs ■82(.78,.87) .61(.51,.73) 18.30 .98(.76,1.27) 1.2 5 ( .64,2.42) 25.14
18-24 yrs 1.00 1.00 (3) 1.00 1.00 (3)
25-34 yrs .93(.90,.96) 1.0 2 ( .91,1.15) . 81(.79,.84) 1 . 0 3 ( .92,1.15)
^  35 yrs .90(.82,1.00) 1 . 1 6 ( .84,1.59) .78(.75,.82) 1.70(1.00,1.44)
Previous
Spontaneous
Abortion
0 1.00 1.00 7.00 1.00 1.00 6.52
1 .97(.92,1.02) 1. 1 8 ( .99,1.42) (2) 1.04(1.01,1.07) 1 .1 3 ( .99,1.29) (2)
2? 2 1.0 3 ( .92,1.15) 1.43(1.01,2.02) 1.19(1.13,1.26) 1.53(1.26,1.86)
Previous
Induced
Abortion
0 1.00 1.00 1.21 1.00 1.00 .09
1 , 0 1 ( .96,1.06) 1. 1 3 ( .93,1.36) (1) 1.08(1.03,1.13) 1 .1 1 ( .93,1.34) (1)
Previous
Caesarean
Section
0 - - - 1.00 1.00 3.94
Tfl - - - .86(.82,.89) 1.03(.87,1.21) (1)
Previous
Perinatal
Death
0 - - - 1.00 1.00 0.14
- - - 1.22(1.16,1.29) 1.27(1.07,1.50) (1)
Previous
Livebirth
0-2 _ - - 1.00 1.00 0.56
^ 3 “ - - .96(.93,1.00) ,91(.78,1.05) (1)
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of birthweight below each percentile associated with several of 
the covariates differed substantially depending on whether the 
infant was born term or preterm, and the majority of the 
likelihood ratios statistics for the interactions were 
significant at the 5 per cent level.
The main analysis of birthweight standardised for 
gestational age was performed on term infants alone, and a 
comparison with preterm infants is given in section 4.4.3* The 
change in percentile values between gestational ages 37 and 42 is 
only 80 gms (approximately) amongst both primiparae and 
multiparae, and male and female infants (see Appendix 2). Thus 
the analyses, although standardised for gestationl age, are 
likely to be similar to unstandardised results based on the 
birthweight distribution amongst term infants.
4.4.2 Main Effects of the Covariates, Term Infants
Table 4.30 gives the unadjusted and adjusted odds ratios of 
each covariate in the polytomous logistic model for term 
primiparae and multiparae. The odds ratio were constrained to be 
equal over the seven percentiles in these analyses. In Table 4.31 
likelihood ratio statistics are given of the significance of the 
odds ratio for each covariate. First, single marital status was 
associated with increased constrained odds ratios (1.18 relative 
odds for primiparae and 1.27 relative odds for multiparae 
compared to married women). Marital status was important in 
terms of explanatory power in the analysis of birthweight 
standardised for gestational age, particularly for primiparae. 
The second socio-economic covariate, social class, was associated 
with a gradient in risk of birthweight below each percentile as 
measured by the constrained odds ratios. Social class I-II women 
experienced decreased odds ratios (0. 93 for primiparae and 0.85
158
TABLE 4.30
UNADJUSTED AND ADJUSTED ODDS RATIOS IN THE CONSTRAINED MODEL WITH ODDS RATIOS 
EQUAL AT ALL PERCENTILES
Term Primiparae Term Multiparae
Covariate Unadjusted Adjusted Unadjusted Adjusted
Marital Status
Married 1.00 1.00 1.00 1.00
Single 1.30(1.26,1.35) 1.18(1.14,1.23) 1.63(1.52,1.76) 1.27(1.18,1.37)
Social Class
I-II . 86 (. 83,. 89) .93(1.09,.96) .76(.74,.79) -85(.82,.87)
III 1.00 1.00 1.00 1.00
IV-V 1.17(1.13,1.21) 1.13(1.09,1.17) 1.18(1.15,1.21) 1.13(1.10,1.15)
Unknown 1.20(1.16,1.24) 1.15(1.11,1.19) 1.27(1.23,1.30) 1.20(1.16,1.23)
Maternal Height
<-150 cm 2.22(2.06,2.38) 2.16(2.01,1.06) 2.21(2.08,2.34) 2.17(2.05,2.30)
150-164 cm 1.00 1.00 1.00 1.00
^165 cm .54(.52,.55) ,55(.53,.56) .54(.53,.56) •56(.55,-58)
Maternal Aee
<£18 yrs .95(.90,1.01) .81(.77,.86) 1.07(.87,1.38) .97(.75,1.26)
18—24 yrs 1.00 1.00 1.00 1.00
25-34 yrs .83(.81,.85) .34(.91,.96) .74(.72,.75) .82(.80, .84)
^35 yrs .8G(.72,.87) .91(.83,1.00) . 7Q(.67,.73) . 79(.75,.82)
Previous
Spontaneous
Abortion
0 1.00 1.00 1.00 1.00
1 .96(.91,1.00) .98(.93,1.03) 1.02(.99,1.05) 1.04(1.01,1.07)
2 1.02(.91,1.14) 1.03(.92,1.16) 1.16(1.10,1.22) 1.20(1.13,1.26)
Previous
Induced
Abortion
0 1.00 1.00 1.00 1.00
1.01(.95,1.06) 1.01(.96,1.06) 1.11(1.06,1.16) 1.08(1.03,1.13)
Previous
Caesarean
Section
0 1.00 1.00
5-1 - - .93(.90,.97) .86(.82,.89)
Previous
Perinatal
Death
0 1.00 1.00
51 - - 1.26(1.20,1.33) 1.23(1.16,1.29)
Previous
Livebirth
0-2 1.00 1.00
53 - - .98(.95,1.02) .97(.93,1.00)
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for multiparae), while social class IV-V women experienced 
increased odds ratios (1.13 for both primiparae and multiparae) 
compared with the reference group of social class III women.
Women of height <150 cm experienced constrained odds ratios 
of birthweight below each percentile that were doubled, while for 
women of height >J65 cm, the odds ratios were halved compared 
with the height category 150-164 cm. The odds ratios were similar 
for primiparae and multiparae. Maternal height was more important 
in terms of increasing the likelihood than the other covariates 
combined, the likelihood ratio tests for the exclusion of 
maternal height from the main effects model were 2234 for 
primiparae and 2817 for multiparae on 2 degrees of freedom. The 
constrained odds ratios associated with maternal age differed 
substantially from the risks of both low birthweight and the 
hazard of preterm delivery. Primiparae aged under eighteen 
experienced an odds ratio that was significantly reduced by 1 9 
per cent, while for multiparae the odds ratio for this group was 
marginally reduced by 3 per cent compared with women aged 18-24. 
Amongst primiparae aged over 25 the odds ratios were 
reduced by approximately 10 per cent and were only marginally 
significant, while for multiparae the odds ratios were reduced by 
approximately 20 per cent. These results are surprising. They 
suggest that for both groups, women at the extremes of the age 
distribution were more likely to have heavier infants, while 
women aged 18-24 years were at higher risk of having an SGA 
infant, or, more generally, an infant with birthweight below each 
of the percentiles.
Amongst primiparae a history of either spontaneous or 
induced abortion was unrelated to the constrained risk of
161
birthweight below each percentile; the estimated odds ratios were 
very close to 1.00 and the improvement in the likelihood due to 
their inclusion was negligable. Amongst multiparae a history of 
two or more spontaneous abortions was associated with a 20 per 
cent increase in the constrained odds ratio, and a history of 
induced abortion was associated with an 8 per cent increase. As 
with low birthweight and preterm delivery a history of perinatal 
death was an important factor associated with a 23 per cent 
increase in the constrained odds ratio of birthweight below each 
percentile. A history of one or more caesarean section was 
associated with a decrease of 14 per cent in the constrained odds 
ratio and this decrease was greater after adjusting for the other 
covariates. A history of three or more previous livebirths was 
not significantly associated with constrained risk.
4.4.3 Unconstrained Odds Ratios; Term Infants
The results of section 4.4.2 were obtained from constrained 
analyses in which it was assumed that the odds ratios associated 
with a covariate were the same at each of the seven percentiles. 
In this section results from a model in which the constraint 
was relaxed and the odds ratios of each covariate in turn were 
allowed to vary over percentiles, while the odds ratios of the 
other covariates were constrained to be equal, are presented. The 
parameter estimates are given in Tables 4.32 and 4.33 for 
primiparae and multiparae respectively. In the first columns the 
constrained odds ratios are given for reference. The constrained 
odds ratios can be considered as an average of the specific odds 
ratios at each percentile, and, as would be expected, they tend 
to be weighted towards the odds ratio at the 50th percentile 
(see, for example, the odds ratios for single marital status 
amongst multiparae). In Tables 4.34 and 4.35 results from a
162
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series of binary logistic regression analyses at each percentile 
are given. In these tables the odds ratios for all the covariates 
were allowed to vary over percentiles (in Tables 4.31 and 4.32 
only the odds ratios shown varied, the others were constrained). 
It can be seen that the two sets of results are very similar, 
generally differing in only the second significant figure. The 
following description of the results is based on the polytomous 
models in which only the odds ratio of the covariate being 
considered were allowed to vary over percentiles.
The likelihood ratio statistic for the variation in odds 
ratios over percentiles associated with each covariate are given 
in Table 4.31. The statistics are the difference between the 
likelihood of the model in which all except the odds ratios for 
each covariate were constrained to be equal over percentiles with 
the model in which all odds ratios were constrained. In the case 
of maternal height, marital status, and to a lesser extent, 
social class, maternal age, previous perinatal death and 
caesarean section, the improvement in the likelihood due to 
including constrained odds ratios in the model was much greater 
than the improvement due to allowing the odds ratios to vary over 
percentiles. For these covariates the difference over percentiles 
may be significant, but the constrained odds ratios provide a 
useful description of the association. The changes in the 
birthweight distribution at each gestational age have been 
summarised by considering first, covariates associated with 
changes in the location of the distribution, secondly, 
covariates associated with increased risks of an SGA or LGA 
infant, and finally, covariates that do not fall in any of these 
categories.
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Some covariates were mainly associated with changes in the 
location of birthweight standardised for gestational age. 
Foremost in this group was maternal height. The odds ratios of 
birthweight below each percentile for both primiparae and 
multiparae of height <150 cm were doubled, representing a 
considerable shift to lower birthweight compared to women of 
height 150-164 cm. Conversely, a substantial increase in the 
distribution was associated with taller women over 165 cm. A 
similar pattern of lesser magnitude was observed for marital 
status, with single women having lower birthweight infants than 
married women. Maternal age was also primarily associated with 
shifts in the distribution of birthweight. For primiparae the 
lowest birthweight distribution was observed for women of age 18- 
24 years, women aged 25-34 years had higher birthweight infants 
as did women aged under eighteen. The birthweight distribution 
for multiparae aged 18-24 years was lower than the distribution 
for women aged over 25 years. Primiparous and, particularly, 
multiparous women aged over 35 years experienced increased risk 
of an LGA infant.
Other covariates were primarily associated with increased
r u
risk of an SGA infant. The risk of birthweight below the 10 
percentile was reduced by 23 per cent for primiparous and 30 per 
cent for multiparous women in social class I-II, while for social 
class IV-V this risk was increased by 20 per cent in both groups, 
compared to social class III. Amongst multiparae with a history 
of two or more spontaneous abortions there was a 48 per cent 
increase in birthweight below the lO^*1 percentile. A history of 
perinatal death was associated with a 36 per cent increase in the 
risk of birthweight below the 10*^ percentile. The pattern of 
odds ratios associated with these covariates were, in some cases,
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apparent at all percentiles but were more marked at the lower
extremes of the birthweight distribution. A history of caesarean
section was associated with increased risk of an LGA infant but
had no significant association at the 10^ and 5 ^  percentiles.
thThe risk of birthweight above the 90 percentile was increased
by 28 per cent following caesarean section.
Finally the association of some covariates with birthweight
standardised for gestational age fell into none of these
categories. Slightly lower birthweights were observed following
induced abortion for multiparae but generally the odds ratios
were close to 1.0. The only significant association amongst
primiparae with a history of induced abortion was a 15 per cent
t hreduction in risk below the 5 percentile. Amongst primiparae
with a history of two or more spontaneous abortions there was a
+■
48 per cent increase in the risk of birthweight below the 5
percentile, but also a 43 per cent increase in risk of
birthweight above the 95th percentile. Similarly, a history of
three or more livebirths was associated with a 20 per cent
t tlincrease in the risk of birthweight above the 90 percentile and 
a 13 per cent increase in the risk of birthweight below the lO^ *1 
percentile. The likelihood ratio statistic for variation in the 
odds ratios associated with three or more previous livebirths was 
highly significant (76.49 on 6 degrees of freedom), while the 
constrained odds ratio was not significant and was close to 1.00.
4.4.4 Govariate Interactions; Term Infants
Interactions between pairs of covariates were investigated 
in binary logistic regression models of birthweight below the 
10 *^*, 50th and 90th percentiles of the distribution of 
birthweight standardised for gestational age. The likelihood
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ratio statistics of the interactions that were significant at the 
5 per cent level are given In Table 4.36. There were more 
significant results amongst multiparae, even after taking into 
account the increased number of pairs (36 for multiparae and 15 
for primiparae). This could be due to the fact that there were 34 
per cent more births to multiparae than primiparae and hence 
possible interactions were more likely to reach significance. 
Fitting polytomous models with interactions was expensive in 
computer time and was only done in the following example.
One Interaction, that between marital status and maternal 
age was significant at all but one of the percentiles examined. 
This interaction was investigated in three polytomous models. 
First, a model was fitted which allowed the odds ratios for 
single marital status within age groups to vary over percentiles, 
while the age effects were constrained to be equal over the 
percentiles. Models in which the age effects also differed over 
percentiles were not considered as they comprised too many 
parameters (57 for primiparae and 60 for multiparae). In the 
second model the Interaction was constrained to be equal over 
percentiles but the age effects were allowed to vary. The final 
model constrained the interaction and the age effects to be equal 
over percentiles. The three models were adjusted for the other 
covariates. The estimated odds ratios from these analyses are 
given in Table 4.37 and 4.38 for primiparae and multiparae 
respectively. The likelihood ratio statistics for differences in 
the interaction over percentiles (32.64 for primiparae and 24.92 
for multiparae on 24 degrees of freedom) indicated that there was 
no significant benefit in freeing the terms to vary over 
percentiles. On the basis of the odds ratios from the second and 
third models which were similar to each other, birthweight
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TABLE 4.37
AGE SPECIFIC ODDS RATIOS FOR MARITAL STATUS FROM VARIOUS. MODELS 
FOR TERM PRIMIPARAE
<18 yrs 18-24 yrs 25—34 yrs £  35 yrs
Married 1.00 1.00 1.00 1.00
5th .88(.71,1.10) 1.21(1.09,1.35) 1.35(1.01,1.81) 2.56(1.01,6.49)
10th .92(.78,1.08) 1,19(1.10,1.29) 1.66(1.37,2.02) 2.29(1.11,4.73)
*
w 25th
,_3
.96(.85,1.08) 1.18(1.11,1.25) 1.58(1.37,1.83) 2.71(1.56,4.71)
<3 50th 
2
1.00(.89,1.12) 1.13(1.07,1.19) 1.48(1.29,1.70) 1.99(1.14,3.46)
*-> 75th 1.01(.90,1.14) 1.21(1.13,1.28) 1.51(1.28,1.80) 2.40(1.12,5.17)
90th •95(.81(1.10) 1.33(1.21,1.46) ' 1.50(1.16,1.93) 1.10(.46,2.61)
95 th 1.02(.83,1.25) 1.38(1.21,1.58) 1.53(1.07,2.18 1.10(.34,3.57)
Single** .98(.89,1.09) 1.17(1.12,1.23) 1.54(1.36,1.73) 2.18(1.35,3.52)
Single*** .98(.89,1.09) 1.17(1.12,1.23) 1.53(1.36,1.72) 2.27(1.41,3.67)
Estimated odds ratios from model in which marital status effects 
within age groups were allowed to vary over percentiles but the 
age effects were constrained to be equal at all percentiles.
The likelihood ratio statistic for difference of marital status 
over percentiles was 32.64 on 24 d.f.
Estimated odds ratios for marital status within age groups, 
with marital status constrained, but age effects free to vary 
over percentiles. The likelihood ratio statistic for the 
marital status age interaction was 36.84 on 3 d.f.
Estimated odds ratios for marital status within age groups and 
age effects constrained to be equal at all percentiles. The 
likelihood ratio for the interaction was 37.01 on 3 d.f.
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TABLE 4.38
AGE SPECIFIC ODDS RATIOS FOR MARITAL STATUS FROM VARIOUS MODELS 
FOR TERM MULTIPARAE
<  18 yrs 18-24 yrs 25-34 yrs ^  35 yrs
Married 1,00 1.00 1.00 1.00
5th .Sl(.14,2.59) 1.25(1.02,1.53) 1.99(1.50,2.64) 2.93(1*16,7.43)
10th 1.06(.45,2.48) 1.24(1.06,1.44) 1.88(1.52,2.32) 2.61(1.25,5.44)
* 25 th w .75(.38,1.51) 1.12(1.00,1.26) 1.63(1.38,1.93)
2.53(1.40,4.57)
J 50th 
o
.63(.34,1.17) 1.12(1.01,1.24) 1.50(1.28,1.76) 1.91(1.04,3.51)
s 75th
w
.68(.34,1.37) 1.27(1.11,1.45) 1.48(1.21,1.81) 1.73(.80,3.76)
W 90th .72(.28,1.90) 1.26(1.03,1.55) 1.58(1,16,2.15) .82(.34,1.97)
95th .44(.15,1.27) 1.23(.93,1.63) 2.10(1.28,3.45) 1.28(.31,5.29)
Single** .70(.40,1.23) 1.16(1.06,1.27) 1.59(1.39,1.83) 2.05(1.23,3.42)
Single*** .69(.39,1.21) 1.16(1.06,1.27) 1.59(1.39,1.83) 2.15(1.29,3.60)
* Estimated odds ratios from a model in which marital status effects 
with age groups were allowed to vary over percentiles but the 
age effects were constrained to be equal at all percentiles.
The likelihood ratio statistic for difference of marital status 
over percentiles was 24.92 on 24 d.f.
** Estimated odds ratios for marital status within age groups,
with marital status constrained, but age effect free to vary
over percentiles. The likelihood ratio statistic for the
marital status age interaction was 21.30 on 3 d.f.
*** Estimated odds ratios for marital status within age groups
and age constrained to be equal at all percentiles. The 
likelihood ratio statistic for the interaction was 22.08 on 3 d.f.
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standardised for gestational age amongst single women was greater 
than amongst married women aged under 18 years. For women aged 
over 18 years, single marital status was associated with lower 
birthweight particularly in the two older age groups.
4.4.5 Comparison between Term and Other Infants
Results from a constrained polytomous logistic model fitted 
to preterm infants are given in Table 4.39. The patterns of 
association were different from the results for term infants in 
several instances. For most covariates the constrained odds 
ratios were not significant due to the small sample size. Amongst 
primiparae, however, single marital status was significantly 
associated with increased odds ratio of birthweight below each 
percentile. This follows a pattern decribed by Wilcox (1981), 
reviewed in section 1.1.4 here. He suggested that if the causal 
mechanism underlying association with perinatal outcome resulted 
in lower birthweights and gestational ages, then it is possible 
that mean birthweight for preterm infants be increased but 
decreased for term infants.
4.5 Changing the Link Function in Polytomous Regression Models 
4.5.1 Comparison of the Logit and Complementary Log-Log Link 
Functions i_n Regression M odels for Gestational Age and 
Birthweight Standardised for Gestational Age Data for Primiparae
This section presents the results of a comparison of the 
logistic and complementary log-log link functions in the analyses 
of gestational age and birthweight standardised for gestational 
age. The comparison was carried out on the data for primiparae 
only, because fitting polytomous models for multiparae, was 
substantially more expensive in computer time owing to the extra 
covariates and cases involved. First, marginal data sets, broken
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TABLE. 4.39
ADJUSTED ODDS RATIOS FOR PRETERM PRIMIPARAE AND MULTIPARAE FROM CONSTRAINED MODEL
Covariate Preterm Primiparae Preterm Multiparae
Marital Status
Married 1.00 1.00
Single ,83 (.72, .96) .97 (.75, 1.26)
Social Class
I-II 1.02 (.86, 1.21) .99 (.83, 1.17)
III 1.00 1.00
IV-V 1.11 (.96, 1.28) 1.17 (1.02, 1.34)
Unknown 1.10 (.95, 1.26) 1.07 (.93, 1.26)
Maternal Height
<■150 cm 1.69 (1.34, 2.13) 1.40 (1.11, 1.77)
150-164 cm 1.00 1.00
^165 cm .68 (.59, .77) .69 (.60, .79)
Maternal Age
<18 yrs .70 (.58, .84) 1.41 (.72, 2.74)
18-34 yrs 1.00 1.00
25-34 yrs .91 (.80, 1.03) .96 (.85, 1.08)
235 yrs 1.03 (.74, 1.42) 1.12 (.92, 1,36)
Previous
Spontaneous
Abortion
0 1.00 1.00
1 1.13 (.94, 1.36) 1.09 (.95, 1.24)
£ 2 1.34 (.94, 1.90) 1.45 (1.19, 1.76)
Previous
Induced
Abortion
0 1.00 1.00
21 1.11 (.91, 1,34) 1.13 (.95, 1.36)
Previous
Caesarean
Section
0 1.00
21 1.02 (.86, 1.20)
Previous
Perinatal
Death
0 1.00
2 1 1.27 (1.07, 1.50)
Previous
Livebirth
0-2 1.00
23 .84 (.72, .98)
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down only by each covariate in turn, were prepared and unadjusted 
parameter estimates and corresponding likelihood ratio statistics 
were calculated from models based on each of the two link 
functions. In the analysis of the marginal data sets the 
likelihood could be used as the basis of a goodness-of-fit test 
for the constrained model under each link function because each 
category of the response variable was adequately represented 
within all levels of the covariates. Adjusted parameter estimates 
and the likelihood ratio statistics for their exclusion from the 
models including all main effects were also examined.
Table 4.40 presents the results of these analyses for the 
gestational age data for primiparae. Comparing the estimated odds 
ratios and relative hazards from both the marginal and adjusted 
data it can be seen that the results were almost identical. There 
was also very little difference between the sets of likelihood 
ratio and goodness-of-fit statistics. The deviance from the 
adjusted model based on the logistic link function at 1786.65 was 
marginally the lower of the two (the deviance for the 
proportional hazards model was 1786,91). The proportional hazards 
model had a natural interpretation in that the regression 
parameters measured association with the hazard of delivery 
during the study period, and on these grounds was preferred.. The 
very close similarity between the two models can be explained by 
noting that for very low probabilities the logistic and 
complementary log-log transforms are virtually identical (Figure 
4.7)» it is only for higher probabilities that the two curves 
diverge, and greater differences might be expected between the 
models in the analyses of birthweight standardised for 
gestational age.
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Table 4.41 gives results of the two analyses of birthweight 
standardised for gestational age for primiparae. The likelihood 
ratio statistics for each of the first four covariates alone 
were substantially greater, and the unadjusted parameters for 
these covariates were more extreme in the logistic than in the 
proportional hazards model. The goodness-of-fit statistics in the 
logistic model were significant at the 5 per cent level for two 
covariates, social class and maternal height. In the proportional 
hazards model four covariates had significant goodness-of-fit 
statistics. After adjusting, marital status, social class, 
maternal height, maternal age and a history of induced abortion 
had greater likelihood ratio statistics in the logistic model. 
The deviance was also substantially lower in the logistic model 
including all covariates (2483 in the logistic model, 2873 in the 
proportional hazards model) largely due to just one covariate, 
maternal height.
4.5.2 Constant Location but Varying Scale Models
The results of section 4.4.3 showed that two covariates, a 
history of spontaneous abortion amongst primiparae and J>3 
previous livebirths amongst multiparae were associated with 
increases in the risks of birthweight below the lower percentiles 
and above the upper percentiles. The constrained odds ratios were 
not significantly different from 1.0, but there were differences 
in the odds ratios over the percentiles. For these two covariates 
the assumption that the observed frequencies in each category of 
birthweight standardised for gestational age could be explained 
by changes in the location of the distribution of an underlying 
continuous variable seems unreasonable. The second type of
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polytomous regression model suggested in section 3-3-2, in which 
the distribution of a continuous variable underlying the 
categories of the response is assumed to vary in scale but not 
location, was investigated in relation to these two covariates.
Assuming, as before, that an underlying continuous variable 
has a logistic distribution so that, in the terminology of 
section 3-3-2,
- 1$ (Pj) = logit(p ),
and if the only difference between two groups is in scale 
parameters, b^ and b^j the following relationship holds between 
the {p ^ j } and {p^l, the proportions below outpoints in either 
group
b 1/b2 = In{logit(p2j)/logit(p1^)}, Kj<k.
For values of p. less than 0.5, logit(p .) is negative and the 
right hand side cannot be expressed as the difference of link 
functions of probabilities as required in the algorithm for 
fitting the models. The logarithm of the ratio of logits can be 
computed as long as the two logits are of the same sign. If the 
log ratio between groups 1 and 2 is a constant, A, then
p2 J =
> p ( A )
Tables 4.42 and 4,43 give the cumulative logits, their 
differences and the logarithm of their ratios, for the covariates 
previous spontaneous abortion (for primiparae) and previous 
livebirths. A comparison between women with >2. previous 
spontaneous abortions and women with none, showed that there was
181
CO
MP
AR
IS
ON
 
OF 
LO
GI
TS
 
OF 
BI
RT
HW
EI
GH
T 
BE
LO
W 
EA
CH
 
PE
RC
EN
TI
LE
 
FO
R 
HI
ST
OR
Y 
OF 
SP
ON
TA
NE
OU
S 
AB
OR
TI
ON
: 
TE
RM
 
PR
IM
IP
AR
AE
TABLE 4.42
CO CO CO tX) CO COP CO I—i CO |—j o COp 05 co to t—1 CO o rHto • • • • •
03 CM CM CM O
1
o
1
o
1
o
i
*—1 CO CO CO CD o CMP CO !> CD o CD inp i—1 O CO rH CM o rHo • • « • *
03 CM CM pH o
1
o
1
o
I
o
l
CO O O CO [> COP [> CM 05 ID CO in CO-P O O CD O o o oLO • • • • «
o i—I 1—1 O o1
o
I
o’
I
o
1
O LO CO LO CM CD LO
p i—i 0- CO CO IS ■Ct-p i—1 i—1 o O O CM COo • • • • • CO • •in o O o o o c O o1 t 1 1 0 1w •H
c p1 o Sh•H oP p
u <05 r^ o P in CO COx: CO [> !>. p CO co C/3 CMp CM CM O < O pH 3 O rHLO • • • • • O * •CM i—1 r—j i—1 CO o o 0 o o
1 1 1 3 t £ 1o cdCD P
CCD oP aG COLO CO CD O rH inX (—I CM CM a i—I CD o o CDP CO CO rH CO o rH o oO • • • • • TJrH CM CM CM o o o c o' oI I t 1 cd I■a
c •“3
Jh•o o
chCO LO CO u CO o —i 1—1p o O- CM o CO CD t/3 rH COp rH O t> Ch o CO P o pLO * * ■ ■ • * •H • •CO CO CM CO o o bO o o1 1 1 p o I 1•H P
QUo P
p O
G Oto (D •HP <D i—i 1—1 P rH*H cdM o rH CM P i AV QZ I
OP A'c CDP *-5 i ch •o IOCD CD •-5 l-j> O E•H C PP CD P
CO G ■HpH CD U
3 <H cd
£ <H bO
•H 0O p P
182
CO
MP
AR
IS
ON
 
OF 
LO
GI
TS
 
OF 
BI
RT
HW
EI
GH
T 
BE
LO
W 
EA
CH
 
PE
RC
EN
TI
LE
 
FO
R 
PR
EV
IO
US
 
LI
VE
BI
RT
HS
: 
TE
RM
 
MU
LT
IP
AR
AE
TABLE 4.43
X o in CD rH-p m m Ol i>m co in X oci • • .CNJ CM o
I
o
i
X
X C" CM •'t !>■p o m X Oo i—! 01 X. . oCM i—l o
I
i
CO -3- Ol oX M CO o rH-p O 01 1—I i—iin • • .
o i—I o o
1
o
t
CO Ol X ox CT) CO o CQ X
-p o o o X oo • ■ - • -p .m o o CQ o p o
1 1 X •H 1-P X
u CD■
X ■ HCD X
>1—1 I—i •rH o CQ Xx CO o X X P X-p CM CM o O oto • . CO • *HC\J i—1 i—I P o > d1 f o 01 i■H p
> CL,
p CM
PU 1OCO M CM Ol oX CD M- 1 X T3 X-p CO CM o rH P oo . . • COx CM CM xs o o
1 1 p X 1
co
rn f .M
o
«h
[>, ,_} Ho X CQ o
X 00 o ch 00 P X
-p i—i o 1—I oin • • CQ . bO .CO CO X o O o
i 1 X 1bO f. .
X o
P ocfl CD •HX (D p•H 5 COb|) P Odo CD
X X <H
oCD 01
> CM CO o e•M
-P O ^ pCD XpCti P •rH)—! CD P
P £h cO
e <h bfl
p •H Oo p X
183
a monotonic trend in the difference of logits from 0.380 at the
5th percentile, to 0.032 at the 5 0 ^  percentile, and to -0.373 
that the 95 percentile. Looking at the logarithms of the ratio of
the logits, we see that all the values were negative, varying
between -0.084 and -0.345, with average -0.152. For women with
one previous abortion there was also a trend in the difference.
t Jl
The change in sign came at the 10 percentile, and the
assumption of no change in location was thus unreasonable. The
logarithms of the ratio of the logits in this case showed an even
greater range of values than their differences. The differences
between the logits for multiparae with 0-2 and >3 previous
thlivebirths, varied between 0.186 at the 5 percentile and -0.196 
at the 95t5fl percentile, while the logarithms of the ratio of the 
logits were similar, varying between -0.110 and -0.050 with 
average -0.070.
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CHAPTER 5 : NEONATAL CLASSIFICATION BASED ON LATENT CLASS
ANALYSIS
5.1 Introduction
A central issue in the allocation of hospital resources 
amongst regions or areas is the measurement of their differing 
need for medical services. One approach is to classify 
individuals into groups with similar medical characteristics and 
to use the prevalence of these groups as a basis for estimating 
the resources required by each area. This chapter is concerned 
with classification, the first stage in this approach, and 
investigates a measure of case-mix during the neonatal period 
between birth and discharge from hospital. Many techniques used 
to classify neonates are based on the categorisation of 
birthweight into a normal and several low weight groups. The 
difficulty in employing measures based solely on any one variable 
is that other aspects of health are ignored: for instance, normal 
weight infants may have problems or needs which also require 
specialised treatment. With the help of latent class analysis a 
measure based on eleven indicators of neonatal health was 
constructed.
Latent class analysis, introduced by Lazarsfeld in the 
1950’s (Lazarsfeld & Henry, 1962) is a method of breaking down a 
multi-dimensional contingency table into constituent subtables, 
the sums of frequencies of corresponding cells in these subtables 
equalling those of the original table. If each of the subtables 
has high frequency in a different region of the table it may be 
possible to use the assignment of the original cells to a 
subtable as a classification procedure. The computation required 
by the procedure, particularly when using many variables, is very
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heavy and the increasing capabilities of modern computers have 
greatly facilitated its application. There have been several 
applications of latent class analysis involving medical data: 
Miller et al (1962) constructed two classes of mentally retarded 
patients, one having much higher mortality for all durations of 
hospitalisation, and concluded that the method had possibilities 
as an alternative to standardisation in demographic studies: 
Skene (1978) used latent class analysis to approximate 
distributions when predicting outcome following severe head 
injury: Rindskopf & Rindskopf (1986) examined the sensitivity and 
specificity of various indicators of myocardial infarction within 
latent classes describing presence or absence of the disease: 
Kaldor & Clayton (1985) and Clayton (1985) used a similar 
approach when estimating risk when either the primary factors or 
confounding variables are measured with error in case-control 
studies.
5.2 Fitting the Latent Class Model
The data for analysis consisted of measurements of J (equal
to 11) categorical variables, X., j = 1,...,J on each infant; in
J
vector form X. Each X., 1<j<J could take values 1 to C., where
J - - J
Cj, was the number of categories of the j^^1 variable. The data
were amalgamated into I distinct variable combinations indexed i,
i<i<I, w i t h X  taking the same values x.=(x.„,..,,x. _) on each of — — i 1 1 i J
the w. infants with combination i. The total number of infants, 
1 I
T, was therefore 2 w..
i= 1 1
The latent class model is based on a mixture of underlying
classes, within each of which the J variables are mutually
independent. The number of classes K is assumed known. In
practice several different values K are tried. The probabilities
that X. = l within class k are given by parameters 1 j J »
J J J-x
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1<1<C., 1<k<EC. The proportion, or prevalence, of class k in the
population is given by the parameter X , 1<k<K. If the value of
the variable, X., in the i^h combination is denoted by 1(iJ),
J
1<l(ij)<Cj, the conditional probabilities of within classes 
are given by
J
P(X=x. |class k) = n
J=1 jl(ij)k’
and therefore
P(X=x.) = z \- II 0.
k=1 j = 1 j1(ij)k‘
The likelihood from I distinct combinations, L, is given by
K JI 
L(e,x) = n 
i  = 1
W.1
where
K C .
E X s 1, £J0 = 1, for all 1<j<J, 1<k<K.
k=1 1=1 J
The values of the parameters 0 and X which maximise the
likelihood were found using the EM algorithm which involves two
basic steps. First define z. = ( z . z . „ )i n  IK
z.. = P(class k|X=x.). lk i
The first stage of the algorithm, the M-step, maximises L(e ,x ) 
for given z^s by
and
x =
\ 1'
X Z,.W, + - . , lk i
i=1 K
T+1
The quantities 1/Cj and 1/K introduce a small degree of smoothing 
and ensure that the 9s and Xs do not become zero during the 
procedure. If the class membership is known, that is the
A
have values 0 or 1, the formula for 9 reduces to the usual 
maximum likelihood estimates for independent proportions within 
classes.
Bayes' theorem gives
z ^  = P(class kIX=x^) = PCXsx^iclass k)P(class k)
K     ... .
X P(X=x.jclass k)P(class k) 
k=1 1
and the second stage of the algorithm, the E-step, assumes values 
9 and X so that
n e ^_ k jl(ij)k 
ik ‘ J_1
K J
£ x, n 9 . ,. . 
k=1 j=i
The EM algorithm is an iterative process whereby the are given 
starting values, z? Ki<I, in this case random Uniform(0,1 )s 
scaled so that
I z°. = 1. 
k = 1 lk
Estimates of 9 and X} e® and X^, are obtained from the M-step
formula and are substituted in the E-step for z., to obtainr ik
ZikS’ process rePeate^ m times till the difference between
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successive values of the likelihood is less than a preset
tolerance, 0.01 in the analyses here. The values of the
parameters which maximise the likelihood in the m , final step
of the iteration, em and are taken as the maximimum
likelihood estimates of Q and X, The procedure can converge to
local maxima and should be repeated using several sets of
starting values for z.
5 * 3 The 1- to 4-Class Models
The parameter estimates of the 1- to 4-class models are
presented in Table 5.1 and values of the likelihood ratio
statistic between each model and the complete model fitting the
data exactly, are given in the first column of Table 5.2 and are
labelled -21ogA. The 1-class parameters give the marginal
relative frequencies of the variables amongst cases with complete
data that were included in the analysis. The value of the -21ogA,
30,545, provides a test for the presence of association among the
eleven variables (but most of the cells having low expected
2
frequencies invalidates comparison to a x percentile). By 
examining the parameter estimates for the 2-class model it is 
possible to describe infants belonging to either class. For 
instance, the probability of an infant weighing >2,500 gms in Ila 
is 0.99, whereas in lib an infant has a 0.48 probability of 
weighing 2,001-2,500 gms and a 0.15 probability of weighing 
1,501-2,000 gms. In addition an infant in lib has probability of 
0.05 of death before discharge and generally much higher 
probabilities of most health problems. The 3-class model 
consists of Ilia describing healthy infants, and divides class 
lib into two. Class IIIc, a class with characteristics associated 
with moderately low probabilities of assisted resuscitation and a
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TABLE 5.2 MODEL STATISTICS
MODEL DESCRIPTION -21004/
FITTED
PARAMETERS
DISTINCT
CASES
TOTAL
CASES
1980 Data
Complete Cases only
1 Class 30545 15 600 45426
2 Classes 11473 31 600 45426
3 Classes 7953 47 600 45426
4 Classes * 6052 63 600 45426
5 Classes * 4915 79 600 45426
6 Classes * 3367 85 600 45426
Complete and Incomplete Cases**
Missing at Random 47 1041 52022
Best possible Values 9297 47 687 52022
Worst Possible Values 13444 47 769 52022
Half Samples**
Sample 1 4329 47 407 22771
Sample 2 4347 47 434 22655
1978 Data
3 Classes 7380 47 602 33858
3 Classes (1980 parameters) 8927 0 602 33858
u Classes 4998 63 602 33858
4 Classes (1980 parameters) 6580 0 602 33858
The values for 4 class models were obtained after 10 repeat analyses. 
Repeat analyses were not performed for 5 and 6 classes - these are 
probably not global maxima.
Three class models.
In the missing at random model -21og'V was calculated over all cells, 
a pattern with a missing value was treated as a separate cell contributing 
to the total value of -21og'V which was therefore incorrect. This 
should not affect the E or M stages but only the stopping rule.
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low Apgar score, but with birthweight predominantly in the 
category 2,001-2,500 gms and 62 per cent falling below the 10*^ 
percentile of the birthweight distribution standardised for 
gestational age. Class Illb has lower prevalence but higher 
probabilities of death at 0.13? low birthweight and other 
indicators of poor health than lib. The 4-class model comprises 
three classes IVa, IVb and IVc that are similar to Ilia, Illb and 
IIIc respectively. The fourth class IVd represents infants that 
are like IVa in most respects but they tend to require either 
intermediate resucitation or intubation and have a high 
probability of an Apgar score <7. These infants seem to be drawn 
mainly from class Ilia which has a higher prevalence than IVa.
Difficulties arose with multiple maxima at the stage of 
fitting four classes. It was not practical to carry out a 
sufficient number of repeat analyses to be reasonably confident 
of having achieved a global maxima for the 5- and 6-class models. 
The EM algorithm found two maxima in the likelihood of the 4- 
class model. The first with -21ogA at 6,052 was found twice, 
while the second with a higher value of -21ogA at 6,432 was found 
in the remainder of ten repeat analyses. The former of these was 
taken to be the overall maximum of the likelihood. The 
introduction of a fourth class in the latter model had the effect 
of dividing Ilia into two classes, which were differentiated by 
the categories of only one variable, jaundice. Consequently the 
method was unable to assign many of the x^s, including the two 
representing 63 per cent of the population, decisively to either 
class. In IVa-IVd, the classes of the former model, the 
probabilities of jaundice at 0.28, 0.71, 0.49 and 0.32 did not 
contribute as much to the distinction between each pair of 
classes as other variables.
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The value of -21ogA has little relevance for choosing the 
number of classes because many cells have low expected 
frequencies and the sample size is so large that any parsimonious 
model would be rejected. Furthermore, the asymptotic theory for 
the distribution of likelihood ratio statistics breaks down when 
testing the significance of a Kth class in the presence of K-1 
(Aitkin et al, 1981). Aitkin et al compare several recently 
suggested approximations to the distribution of the likelihood 
ratio between one and two class models and perform simulation 
tests at the 5 per cent level. This approach was not feasible 
here because of the size of the data and cost of fitting models.
The choice of number of classes was made on pragmatic 
grounds. The 4-class model distinguished between the healthy 
infant and three additional classes, two representing moderately 
ill infants requiring various types of special neonatal care and 
the third very low birthweight infants with relatively high 
probabilities of poor outcome for most of the eleven indicators 
of neonatal health and a 0.15 probability of death. In trial runs 
with different categorisations and sets of variables similar 
results were obtained for up to four classes, whereas the 5- and 
6-class models differed from classes IVa-IVd by the division of 
one or two classes on a single variable. Unlike the 4-class 
model the results for the five and six classes were therefore 
very dependent on the choice and categorisation of individual 
variables. For these reasons it was decided to focus only on 
the 3- and 4-class models even though -21ogA continued to fall 
substantially as more classes were included. The 4-class model 
was recommended for the further study of newborn infants, but the 
effects of missing data and the stability of the technique were
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investigated using only three, since searching for maxima of the 
likelihood of the 4-class model involved extensive repeat 
analyses. Multiple maxima were not found for the 3-class model.
The assumption of independence within classes underlying the 
latent class model can rarely be the case in practice. The aim 
of this analysis was to approximate a large contingency table by 
classes which most closely reflect conditional independence. 
Checks were made on the independence of selected pairs of 
variables within classes. Association remained even after fitting 
six classes, but generally the pairwise associations within the 
four classes were considerably less than their marginal 
counterparts. A typical example of this reduction is the 
association between birthweight and death at discharge. The 
marginal test for this association had value 11,254 with 3 dgrees 
of freedom, while the corresponding values within classes were 
195.39, 0.01, 9.71 and 0.00. The association between jaundice and
birthweight below the 10th percentile increased however; the 
marginal test of association had 12.85 with 1 degree of freedom, 
whereas the within class test values were 6.86, 147.27, 2.26 and
3.47
5.4 Missing Data and the Stability of the 3-Class Model
Approximately 13 per cent of the population had a missing 
value on at least one of the variables and it was possible that, 
had these values been recorded, substantially different classes 
would have emerged. In the absence of studies which have examined 
the reasons for missing data, this possibility was investigated 
by examining whether or not the results withstood various 
assumptions about the nature of the missing data. First, missing 
data were assumed to indicate the best possible value, secondly, 
the worst possible value, and thirdly, were assumed to occur at
194
random, as defined by Rubin (1976). Under this last assumption 
the summations in the M-step formulae for 0 and X are performed 
over all cases, whether complete or with a missing value, and the 
quantities z are calculated by multiplication over j with x. .IK 1J
non-missing. The results of these procedures are presented in 
Table 5.3 under columns labelled BP, WP and MR respectively. 
Procedures BP and MR both found similar classes to the complete 
cases. Classes WPa and WPb were similar to Ilia and Illb, but 
WPc, having high probabilities of low Apgar score and intubation, 
was more akin to IVd. These results reflect the fact that 
assigning the worst possible value, imposes the unrealistic 
assumption that 100 per cent of the missing data had adverse 
values.
The data set was very large and it was possible to take 
random halves and still have ample cases to estimate the 47 
parameters of the 3-class model. Columns labelled S1 and 32 of 
Table 5.3 contain these parameter estimates; comparison with the 
results from the whole data set shows that the resultant classes 
were essentially the same.
The analyses were repeated on comparable data for 1978 and
the results are shown in columns labelled 78 of Table 5.3. Class
78a is similar to Ila but has lower prevalence. Class 78b has
distinctly higher probabilities of several indicators of poor
health including death and a lower prevalence at 0.01 (compared
to 0.03) than Illb. Class 78c has lower probabilities of low
th.birthweight and birthweight below the 10 percentile than IIIc 
but has higher probabilities of a low Apgar score and assisted 
resuscition than IIIc; 78c also has a higher prevalence at 0.12 
(compared to 0.05 for IIIc). In general, however, the
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interpretation of the classes was largely unaltered. When four 
classes were fitted to the 1978 data, differences in parameter 
estimates were again noted. For example the second 1978 class 
although less prevalent, had a higher probability of death at 
0.40 (compared to 0.15 in 1980), but the general interpretation 
of the classes remained the same. The differences could reflect 
changes in an infant population whose neonatal death rate 
declined by 11 per cent between 1978 and 1980, or could be due to 
the increase in coverage of the SMR11 scheme between 1978 and 
1980.
5 .5 Use of the Classification
The classes have various uses in health service research. 
They could, for example, be used in estimating the need for 
hospital services, or in directly standardising utilisation of 
sevices within classes for a health board by the overall Scottish 
prevalence of classes. In this section a method is described of 
estimating quantities such as the prevalence of classes within 
health boards and the proportion of infants using some type of 
service within classes.
Let s, 1<s<K , represent the NTT live births in health board n H
H. Membership probabilities (z , 1<k<4) of the four classes IVa-
3 K
IVd can be calculated from the S-step formula for z^k using the 
variable combination, x , for infant s. Assuming data are missing 
at random, when infant s has a missing value on one or more 
variables p(X=x |class k) is based on only those variables which
3
are recorded. Each infant could then be assigned to the class 
with highest membership probability or remain unclassified if no 
one z ^ was substantially higher than the others. The certainty 
with which an individual is assigned can be used to weight its 
contribution in estimates of prevalence given by
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P(class k in health board H) = zsk.
3 = 1 Nh
When individuals are assigned to classes, the zs^s are, in 
effect, replaced by 0 or 1 and the estimates reduce to relative 
frequencies within health boards. Weighted estimates of 
prevalence for the Greater Glasgow Health Board and Tayside 
Health Board are given in Table 5.4. Greater Glasgow is 
characterised by higher prevalences of classes IVb, IVc and IVd 
representing ill-health, than either Tayside or Scotland. The 
proportions of the four classes in Scotland vary slightly from 
those of the 4-class model in Table 5.1 because cases with 
missing values are included in the prevalence figures in Table 
5.4.
Similar estimates can be obtained for the joint 
probabilities of each class and the use of a service by 
multiplying z ^  in the above formula by an indicator variable for 
the service. The within class average of a continuous variable, 
such as duration of stay, can also be estimated using the same 
procedure.
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TABLE 5.4
CLASS PREVALENCE FOR GREATER GLASGOW AND TAYSIDE IN 1980
Class
Health Board Livebirths* Via ivb IVc IVd
Greater Glasgow 13661 .875 .036 .054 .035
Tayside 5082 .905 .026 .048 .022
Scotland 52022 .885 .038 .051 .027
* excluding congenitally malformed
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CHAPTER 6 j_ CONCLUSIONS
6.1 The Regression Studies
6.1.1 The Strengths and Weaknesses of SMR2 Data
SMR2 information is used for a variety of purposes, 
including the construction of official statistics; hospital 
planning; and clinical and epidemiological research. Production 
of the data involves the co-operation of large numbers of 
clinical staff and record officers, and is expensive and time 
consuming. Taken together, the nature and scale of the operation 
limit the information that can be collected and consequently the 
data are not tailored to answer specific research questions. To 
compensate for any lack of detailed information, however, the 
SMR2 scheme is unique in Britain in providing population data for 
the obstetric period with approaching 100 per cent coverage. The 
SMR2 data thus have a considerable advantage over hospital based 
studies which may be unrepresentative of either the severity of 
patients, or the socio-economic group from which they come, and 
have many fewer cases; over studies based on smaller geographical 
units or single health boards which provide fewer cases and may 
be unrepresentative of socio-economic groups; and over the 
national birth surveys which also provide fewer cases and do not 
allow the examination of trends over consecutive years. 
Epidemiological studies based on routinely collected national 
data thus fill a gap left vacant by other types of study. The 
large sample sizes make possible the examination of rare events 
with sufficient power to detect quite small differences in rates. 
They tend, however, to suffer from a lack of control for specific 
confounding variables, and are not suited to the confirmation of 
novel hypotheses because when new variables are incorporated
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there is a time lag of several years before the data become 
available for analysis.
6.1.2 The Choice and Definition of Covariates
The regression analyses of chapter 4 exploited the range of 
information available on the SMR2 document in ah exploratory 
study of low birthweight and gestational age. No one covariate 
was the focus of attention, and indeed in designing a project to 
examine some of the covariates much additional information would 
have been desirable. The relationship between some of the 
covariates and perinatal outcome has been well documented in 
earlier studies and the results of the analyses were generally 
consistent with this literature. Other covariates have not been 
the subject of many studies and in these cases the results 
should, perhaps, be regarded as initial findings to be confirmed 
by other studies. For example, a history of induced abortion has 
only rarely been examined using British data. Section 6.1.4 
comprises a discussion of the results relating to this variable.
The covariates selected for study mainly describe the status 
of the woman prior to conception. The one exception, sex of 
infant, was, like the others, constant throughout pregnancy. An 
examination of the mediating effects on perinatal outcome of 
various pathological conditions occurring during pregnancy, 
available on the SMR2 document, was not undertaken and analysis 
was limited to the relationship between the chosen covariates and 
the three measures of perinatal outcome. The objective of this 
study was to document risk to pregnancy experienced by women in 
different demographic, obstetric and social groups rather than to 
identify specific causal influences.
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The difficulty of including pathological conditions that 
arise during pregnancy is emphasized by the structure of the 
survival model for gestational age. A condition developing during 
the study period should properly be treated as an alternative 
pregnancy outcome competing with delivery, usually having an 
effect only on the subsequent hazard of delivery. Because the 
time (in terms of gestational age) at which such conditions occur 
is not recorded on SMR2 it is not possible to include them in 
this way. If they are considered as regressors in the 
proportional hazards model, the multiplicative effect is 
operational before the problem developed. This might be sensible 
if the time at which the condition is noticed relates to the 
emergence of a symptom, but the underlying risk is present 
throughout the study period. If a condition represents a new 
pregnancy environment and a consequent change in the risk of 
delivery its inclusion as a regressor with a proportional effect 
on the hazard thoughout the study period is not appropriate.
The regression analyses were limited by the size of data 
that the algorithms could handle and by the number of parameters 
that could be estimated. An important consideration when defining 
the covariates was to keep the number of categories, and hence 
the number of distinct covariate combinations which formed the 
cases of the analysis, and also the parameters in the models, to 
a minimum. In the case of the covariates measuring previous 
obstetric history, a finer categorisation would probably have 
added little to the findings because obstetric histories 
including high numbers of poor outcomes are rare. Women aged 25- 
34 and >_35 years and primiparae aged <18 years experienced lower 
risks of an SGA infant than women aged 18-24 years, an unexpected 
finding. Since two of the categories of maternal age, 18-24 and
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25-34 years, comprised the majority of the population a finer 
categorisation of age was possible and might have been helpful in 
explaining these results. Both social class and maternal height 
were associated with gradients in the risk of all three outcomes 
and examination of the five social classes separately or the 
inclusion of more height categories would probably have 
accentuated these results. The categorisation of maternal height 
concentrated on the high risk group of short women, <150 cm, who 
were examined separately but represented under U per cent of the 
population, whereas the category of tall women, >_16 5 cm, 
represented approximately 25 per cent. Marital status could also 
have been coded differently by considering separated, divorced 
and widowed women either as a group on their own or by combining 
them with single rather than married women.
Two of the covariates, maternal age and height, were 
continuous and, as such, could have entered the model linearly or 
with quadratic or higher order terms. This would have 
substantially increased the number of distinct cases in the 
analysis, and the models considered here could not have been 
fitted. An alternative approach might be to treat birthweight, 
for example, as a continuous dependent variable and consider an 
ordinary linear regression. Linear regression can be performed 
using the covariance matrix of the data and the storage required 
depends on the number of parameters and not cases. Several 
assumptions concerning the distribution of birthweight underlie 
such an analysis which, as discussed in sections 6.1.6 and 6.1.8, 
are not met by the data.
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6.1.3 Comparison of Adjusted and Unadjusted Risks
In general, adjusted parameter estimates were less extreme 
than their unadjusted values, and the increase in likelihood due 
to each covariate was smaller in the presence of controlling 
variables. The pattern of risk associated with most covariates, 
however, was not substantially changed after controlling, and it 
can be concluded that these covariates made some contribution 
to the association with the three perinatal outcomes. At one 
extreme, the risks associated with sex of infant were virtually 
unaltered by the presence of the other covariates in the 
regression, suggesting that this variable acts more or less 
independently of the others. The risks associated with single 
marital status and a history of caesarean section or >3 previous 
livebirths, on the other hand, showed the greatest attenuation. 
For marital status this may largely be due to the inclusion of 
social class, while other variables, possibly maternal age, may 
explain the attenuation of risks associated with the latter two 
covariates. Even in these cases, some degree of increased risk 
still persisted after adjustment.
6.1.4 Risks Following Induced Abortion.
Although, internationally, there have been many studies of 
pregnancy following induced abortion, no general pattern of risk 
has emerged, possibly because clinical practice and the type of 
women choosing to terminate pregnancy varies to the extent that 
it is necessary to assess the situation separately for each 
country. Few studies of pregnancy following induced abortion 
based on British data are available, and none is population 
based, so that SMR2 data are particularly valuable in 
establishing patterns of risk. A validation of the sensitive 
histories of induced abortion stated by women was not
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undertaken, but SMR2 data was shown in section 2.1.5 to be 
reasonably reliable in this area.
Primiparae with a history of induced abortion experienced 
increased risks of birthweight below 2,500 gms, 2,000 gins, 1,500 
gms and 1,000 gms after adjusting for the other covariates. 
Examination of the hazards of preterm delivery and the risks of 
an SGA infant showed increased hazards for primiparae with a 
history of induced abortion, but if anything a marginal decrease 
in the constrained odds ratio of an SGA infant. Multiparae with a 
history of induced abortion also suffered increased risks of low 
birthweight and preterm delivery, but their risk of having an SGA 
infant was only slightly higher than that of multiparae with no 
history of induced abortion.
It might be expected that if induced abortion has no effect 
on subsequent pregnancy, the experience of primiparae with one 
induced abortion would be similar to that of women in their 
second pregnancy, who experience generally lower risks. In a 
separate study of preterm delivery and the birth of an SGA 
infant, Pickering & Forbes (1985) introduced a second control 
group of women whose only previous pregnancy had ended in a 
livebirth. Women in this control group experienced lower risks of 
preterm delivery and the birth of an SGA infant than primiparae 
with both none or one previous induced abortion.
The findings reflect the constraints imposed by the 
information available on SMR2. Although it was possible to 
control for several relevant variables, cigarette consumption, 
which has been included in several other studies (Meirik & 
Bergstrom, 1983; WHO Task Force, 1979) and is a known correlate 
of birthweight, was not available. It was also not possible to
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investigate whether abortions performed at different gestational 
ages or by different techniques had similar effects on subsequent 
pregnancies. Additional information on legally induced abortion 
is published for the Scottish population (Common Services Agency, 
1975-82). The principal methods used for abortion in the years 
preceding the study were vacuum aspiration (72 per cent), 
dilatation and curretage (11 per cent) and hysterotomy (1.5 per 
cent). The remaining 15-5 per cent are classified as ’other1 and 
include terminations induced by prostaglandins the most common 
method of abortion between three and six months. The same source 
also shows that k2 per cent of terminations were performed before 
the lO^ *1 week of gestation and 87 per cent before the week.
6.1.5 Comparison with Longitudinal Studies
In section 1.2.7 the difficulties of interpreting studies 
based on longitudinal or cross-sectional data were outlined. 
Longitudinal studies are typified by a decline in risk with 
increasing pregnancy order within families of a given final size. 
The decline is partly caused by the tendency to terminate child 
bearing after a successful pregnancy. Cross-sectional studies 
reveal a different picture with women in their first pregnancy 
suffering higher risks than women in their second, and in their 
fourth and subsequent pregnancies women also experience increased 
risk. The risk associated with high pregnancy order in cross- 
sectional studies reflects the disproportionate numbers of ’poor 
reproducers' compensating for earlier losses. The regression 
analysis reported here was based on population data and the 
typical cross-sectional pattern of risks associated with high 
pregnancy order might therefore be anticipated.
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Several aspects of this study may reduce the effects of 
pregnancy compensation. The analysis of multiparae did not 
include parity, per se, as a covariate. Rather the number of 
previous livebirths was considered. Women with three or more 
livebirths have initiated a further pregnancy in spite of their 
earlier successful births (although compensation for infant death 
is a possibility). The analyses were also controlled for history 
of perinatal death and spontaneous abortion, the factors that 
introduce bias to cross-sectional studies. In spite of these 
precautions, women with >3 previous livebirths experienced 
slightly increased risk of birthweight below 2,500 gms, preterm 
delivery and the birth of an SGA infant, and hence conformed to 
the traditional J-shaped pattern of cross-sectional studies.
Maternal age is correlated with pregnancy order and cross- 
sectional studies tend to reveal increased risks for both 
extremes of the age distribution. The same factors that confound 
studies of high parity apply to maternal age, and there is, 
additionally, a possibility of bias due to sub-fertility, since 
women taking longer to achieve pregnancy and hence reaching 
higher age groups, may experience poorer pregnancy outcome. In 
this study, primiparae and multiparae aged <18 years and >35 
years experienced increased risk of low birthweight and preterm 
delivery after adjusting, with primiparae _>35 years and 
multiparae <18 years experiencing particularly high risk. The 
risks experienced by older women may in part be due to congenital 
malformations, which were not excluded from the study because not 
all malformations are identified at the time SMR2 documents are 
completed. The lower risk of SGA infants associated with 
primiparae aged <18 years and multiparae aged _>35 years is not 
readily explicable and is not confirmed by other studies.
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6.1,6 Analysis of Birthweight
The findings relating to birthweight were generally 
consistent with earlier studies. The examination of the four 
birthweight outpoints separately revealed that some covariates 
were associated with more extreme risks of birthweight below 
2,500 gms than below the lower outpoints. For example, maternal 
height was a major predictor of birthweight below 2,500 gms, but 
the estimated odds ratios of birthweight below 1,500 gms and
1.000 gms for women of height <150 cm or >_165 cm were much 
reduced. Similarly, marital status and social class were 
associated with decreasing differential in risks of birthweight 
below 2,500 gms, 2,000 gms, 1,500 gms and 1,000 gms. In two 
cases, amongst female infants and multiparae with >3 livebirths, 
only the risks below 2,500 gms were increased; at the other 
outpoints the confidence intervals were fairly wide but estimated 
odds ratios were generally close to 1,0.
In comparison, several aspects of obstetric history were 
associated with more extreme risks below 1,500 gms and 1,000 gms 
than below 2,500 gms. For example, the risk associated with >2 
spontaneous abortions increased steadily (2.01, 2.76, 3.25, 4.35 
for primiparae and 2.04, 2.69, 3.52, 3.86 for multiparae) in the 
analysis of birthweight below 2,500 gms, 2,000 gms, 1,500 gms and
1.000 gms. Similar trends were also observed following a history 
of one spontaneous abortion, induced abortion (although for 
multiparae the risk below 1,000 gms did not follow the trend) and 
previous perinatal death.
These trends in risk suggest that some factors are 
associated with some degree of lower birthweight, resulting in 
higher than expected numbers of births in the 2,000 to 2,499 gms
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category, but no appreciable increase in the risk of very low 
birthweight infants. Amongst these are marital status, social 
class, maternal height and >3 previous livebirths. These 
variables are socially determined or, like maternal height, may 
reflect the social background of the woman. One further factor, 
sex of infant, fell into this group being associated with some 
increase in the risk of moderately low (2,000 to 2,499 gms) 
birthweight. On the other hand, several aspects of obstetric 
history showed a different pattern, and were associated with much 
higher risks of very low birthweight infants, below 1,000 gms. 
Factors suoh as a history of perinatal death and spontaneous 
abortion, both of which indicate poor performance in earlier 
pregnancies, are of this second kind. A history of induced 
abortion also fell into this group, possibly reflecting cases 
where termination was a medical necessity rather than a form of 
late contraception.
6.1.7 Analysis of Preterm Foetal Survival Times
Proportional hazards models provide a natural approach to 
modelling foetal survival times which has been used only rarely 
to examine the relationship between covariates and gestational 
age. The majority of studies, in choosing to examine preterm 
delivery, have opted for a simple dichotomisation of gestational 
age. On the whole the results from this study might have been 
predicted from the literature on risk of preterm delivery. One 
study that does adopt a similar approach of examining hazards 
throughout pregnancy (Harris, 1981) provides a more direct 
comparison for some of the covariates. Substantially lower 
estimates of the relative hazard associated with maternal age, 
single marital status and previous perinatal loss were found by 
Harris than are reported in section 4.3. The discrepancy may be
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explained by the a s s u m p t i o n  in Harris's study that 
proportionality holds up to and beyond term. If the relative 
hazards are lower during the later weeks of pregnancy as was 
suggested here, their representation in the sample would swamp 
the pattern at earlier weeks.
The tests for full time dependency revealed one significant 
result, that for maternal age amongst primiparae. No covariate 
showed a significant linear time trend, although some covariates 
tended to have more extreme hazards in earlier weeks. For 
example, although the hazard during early weeks was high for 
primiparae with previous spontaneous abortions, by week 36 their 
hazard was similar to that of primiparae with no history of 
spontaneous abortion. Figure 4.6.b showed that the logarithm of 
the weekly hazards when a linear time trend was included in the 
model was a close match to the converging empirical hazards in 
H.6.a. For this covariate one might expect such a pattern. The 
tendency to repeat obstetric outcome suggests that primiparae 
whose earlier pregnancies have ended spontaneously before the 
2 8 ^  week are more likely to suffer increased hazard during 
roughly the same period than later in a subsequent pregnancy. The 
hazards of a spontaneous abortion or delivery around week 28 for 
these women might thus be expected to be greater than that of 
delivery around week 36. SMR2 information is available from late 
spontaneous abortions which were delivered in obstetric wards, 
and it may be possible to extend the study period to include 
weeks 20 to 28.
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6.1.8 Analysis of Birthweight Standardised for Gestational Age
Although no previous studies have investigated changes in 
the distribution of birthweight standardised for gestational age 
using the approach adopted here, Scott et al (1981; 1982) and 
Ounsted et al (1985) examine the risks of the birth of an SGA or 
LGA infant. Scott et al (1982) reported increased risk of an LGA
infant amongst women of parity >3, consistent with the increased
risks of an LGA infant amongst multiparae with >3 livebirths in 
this study. After adjusting for factors that included smoking, 
maternal weight, net pregnancy weight gain, hypertension and pre­
eclampsia (which was the most important predictor of SGA) no 
association between SGA and social class remained (Scott et al, 
1981). Before adjusting social class did have a weak association 
with the risk of an SGA infant. In this study social class was 
associated with the birth of an SGA infant after adjustment, and 
it may be that some covariate in the earlier study but not 
included here partly explains the association. Of the possible 
adjusting variables, only pre-eclampsia was reported by Ounsted 
et al (1985) to be associated with increased risk of SGA but not 
LGA infants, which suggests that it may mediate between social 
class and the birth of an SGA infant. Older women experienced
increased risk of an LGA infant (Scott et al, 1982), as did women
>35 years in this study, but after adjusting for parity, 
maternal height and weight, siblings birthweight, smoking and net 
pregnancy weight gain the association disappeared. The unusual 
pattern of risk of an SGA infant associated with maternal age 
found in this study is not confirmed by the earlier reports.
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By allowing covariate effects to vary over response 
categories in the analysis of birthweight standardised for 
gestational age it was possible to examine quite complex patterns 
of association. Some covariates were described by shifts in 
location, while others were associated with increased probability 
in either one or both tails of the distribution. This complexity 
can not easily be examined within a linear regression model of 
birthweight controlling for gestational age. For example, 
associations involving increased risks in both tails may result 
in no change in the mean of the distribution, and the 
relationship could only be found by allowing changes in the 
variance in a regression model. While if the association was 
primarily with one tail of the distribution, some change in the 
mean would be anticipated, but the full pattern would not be 
apparent within the constraints of a Normal error structure.
Two methods of examining unconstrained risks were compared. 
Firstly, odds ratios were estimated in models where each 
covariate in turn was unconstrained while the others were
constrained to have equal risk at each percentile. In the second 
method separate binary regressions at each percentile were fitted 
and thus the risks for all the covariates simultaneously varied 
over percentiles. The two approaches produced virtually identical 
results. The former generalised polytomous model was much more 
expensive to fit (section 6.1.11), but had the advantage of 
permitting a likelihood ratio test for changes in the odds ratios 
over percentiles. The association between the covariates and 
birthweight standardised for gestational age was generally 
reduced after adjusting for the other covariates. The similarity 
between estimates when adjusted by constrained effects in the 
first approach or by unconstrained covariate effects in the
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second, shows that it is unnecessary to adjust for the precise 
association with each covariate even when the unconstrained odds 
provided a substantially better fit to the association.
6.1.9 Checking the Fit of a Binary Logistic Model
Plots of observed against fitted rates of birthweight below 
each outpoint showed that the logistic model over-estimated risks 
amongst cases predicted to be at highest risk. In the analyses of
birthweight below 2,500 gms less than 0.5 per cent of births were
over-estimated, while in most other analyses up to 5 per cent
were over-estimated. In the analysis of birthweight below 1,000
gms for multiparae, however, the risk experienced by over 20 per 
cent of the population was over-estimated. In this case the fit 
might be improved by including interactions, but when the one 
significant interaction, that between maternal height and 
perinatal death, was included in the model very little difference 
was made to the plot of observed against expected risk. By 
including sufficient interactions, possibly of third or higher 
order, a better fit would be achieved but this might prove 
computationally impractical. The rank order of the predicted 
risks were generally close to that of the observed risks which 
suggests that the logistic model could be used to identify a 
given percentage of women at highest risk for special attention. 
Where only small percentages were over-estimated by the model, 
the fitted parameters adequately describe the levels of risk 
experienced by the majority, but should not be used to estimate 
extremes of risk in the population. When a higher proportion are 
over-estimated the results are less reliable.
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The simulations of the deviance and Pearson residuals 
described in section 4.2.3 represent a simpler version of an 
empirical probability plot. Each covariate combination was 
assumed to have the same mean taken to be the average of the 
fitted means over distinct covariate combinations. This average 
was used because a typical covariate combination has low 
frequency but higher risk than the overall population. Residuals
4
were calculated directly from the true mean, without re-
estimating the model for each simulation. The numbers above and
t h t hbelow the nominal 5 and 95 percentiles from a Normal 
distribution were calculated and compared to the observed number 
of residuals from the original data. Thus only these two parts of 
the distribution were compared. Omitting to re-estimate the mean 
for each simulation probably makes little difference considering 
the enormous sample sizes and resulted in considerable savings in 
computer time. The assumption of a constant mean probably does 
affect the results. The cases with smaller means are less 
accurately approximated by a Normal distribution and more extreme 
residuals might be expected. The inclusion of such extreme 
residuals in the actual data is not compensated by cases with 
higher than average means, where the approximation by a Normal 
distribution is better. However, the covariate combinations with 
lowest rates of low birthweight tend to have high frequency and 
are few in number.
The final method of checking the logistic model considered 
here involved testing the adequacy of the link function within a 
2-parameter family of functions. This approach was not very 
successful since it was not possible to estimate two separate 
parameters in any but the models for birthweight below 2,500 gms, 
and confidence intervals were very wide. Pregibon (1980) has
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suggested that the available data may often provide 
insufficiently detailed information concerning these parameters.
These model checks were not employed in relation to the 
polytomous regression models. It would have been possible to use 
methods for binary regression to test the adequacy of fit below 
each week of gestation or below each percentile in the analysis 
of birthweight standardised for gestational age. It is likely 
that the problems of over-estimation of risk for cases predicted 
to be at highest risk carry over to the polytomous regression 
models also.
6.1.10 Comparison of Logistic and Proportional Hazards Models
The choice between logistic and complementary log-log link 
functions in situations where the response occurs with small 
probability typically makes little difference to the estimated 
parameters (Brenn & Arnesen, 1985). The two link functions only 
diverge to a notable degree for probabilities greater than 0.1, 
and where the response occurs with probabilities above this level 
the link function does make a difference. For example, in the 
analysis of birthweight standardised for gestational age the 
probability below 5 of the 7 percentiles was above 0.1 and the 
choice of link function did influence the results.
The two models for preterm gestational age produced similar 
results and fitted equally well. Results were primarily presented 
for the proportional hazards model because they incorporated the 
passage of time underlying preterm delivery, and made possible 
the examination of changes in the risk of delivery at different 
periods of pregnancy.
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The logistic model fitted the data on birthweight 
standardised for gestational age better than the proportional 
hazards model, but the major improvement in fit related to only 
one covariate, maternal height, and the proportional hazards 
model provided a marginally better fit to the association with 
two covariates. There were inadequacies with both models, and 
several of the covariates could not be explained by simple 
multiplicative changes in risk within either model. Although the 
logistic model did provide the better fit, this was not the only 
criterion for choosing between the two link functions. The main 
reason for using the logistic was pragmatic. It provided results 
in terms of increased risks of either tail of the distribution 
conforming with the standard notation, while the hazard at each 
percentile has little intuitive meaning.
6.1.11 Computing Costs of Regression Modelling
Two specialised FORTRAN programs were written for fitting 
the polytomous regression models. The first fitted proportional 
hazards model to grouped survival data, and allowed for the 
inclusion of linear time dependent terms. The second was 
programmed for logistic and proportional hazards models and was 
adapted to permit risks relating to any combination of 
covariates, including interactions, to depend on the response 
category. Although only the second program was strictly 
necessary, the duplication of the proportional hazards model did 
provide a check on the accuracy of the programming, and the 
results from the two programs were identical.
A detailed comparison of various methods of fitting 
polytomous regression models was not attempted. It is possible 
that, for example, by reducing the accuracy by which the linear 
equations are solved within each iteration of the algorithm, some
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saving in computer time could be achieved without substantially 
changing the final solution. The algorithm for the generalised 
polytomous regression model was deemed to have converged when the 
total difference between successive parameter values was less 
than 0.01, and that for the proportional hazards models when the 
Euclidean distance between parameter values was less than 0.01. 
An examination of the impact of varying the stopping rule may 
also result in savings in computer time. Alternative approaches 
to estimation could be considered. For example the models can, in 
theory, be fitted in GLIM. In practice, however, the workspace 
available in GLIM on the Glasgow computer was insufficient to 
store the larger of the two data set, that for multiparae, in the 
appropriate form of covariate data for each level of the response 
separately for all covariate combinations. Although savings in 
computer time may be possible, the computing costs by the methods 
used here do give a general idea of the expense of this type of 
modelling.
In Table 6.1 the costs of a variety of typical jobs, 
measured in seconds of CPU time, performed on the Glasgow 
University ICL 2988 mainframe are given. In the first rows the 
cost of fitting individual models for birthweight below 2,500 gms 
within GLIM are shown to be lower for primiparae than multiparae. 
This was a result of the lower number of parameters that were 
estimated from fewer cases for primiparae. The costs tended to be 
higher for the lower birthweight outpoints where the data 
conveyed less information.
The next rows show computing costs for the proportional 
hazards and polytomous logistic models. These are considerably 
more expensive than the binary logistic models because of their
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greater complexity and the number of parameters being fitted. The 
models for gestational age involved more covariates (sex of 
infant was excluded from the analyses of birthweight standardised 
for gestational age), and the models took longer to fit.
Including covariate effects that were dependent on the 
response category considerably increased the computing in both 
polytomous models. In the proportional hazards model only 
unadjusted linear dependent effects were considered, and these 
involved only one extra parameter for each level of the covariate 
above two. Computing costs for these models approached those of 
the models where all covariates were included in a proportional 
hazards model. In the example of a polytomous logistic model with 
covariate effects varying at all levels of the response (for a 
covariate with three levels illustrated in Table 6.1), an extra 
12 parameters would be estimated compared to 18 and 21 parameters 
in the adjusted constrained models for primiparae and multiparae 
respectively. Computing times were more than doubled when 
unconstrained effects were included in the adjusted model. 
Binary logistic regressions below each percentile and polytomous 
logistic models in which each covariate alone was unconstrained 
produced virtually identical results, but in Table 6.1 it can be 
seen that there was a huge difference between the computing costs 
of the two approaches. The cost of repeating an adjusted binary 
regression at the 7 percentiles was around 84 seconds using the 
cost figures from the low birthweight model, while the repetition 
of unconstrained analyses took around 3,000 seconds for 
primiparae, and for multiparae the latter approach cost 
approaching 20,000 seconds (approximating total costs over all 
covariates from figures in Table 6.1).
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In summary, the polytomous regression models were expensive 
to fit, especially when covariate effects were allowed to depend 
on the response level.
6.2 The Neonatal Classification
Latent class analysis was able to construct a classification 
of neonates which remained substantially unchanged when repeated 
on random halves of the data and under various assumptions about 
missing data. When the analysis was performed on two years of 
data the classes altered only slightly. The 4-class model 
contained one class of ’normal1 infants occurring with high 
probability, and made a distinction between three other classes. 
The second class described infants with high probabilities of 
severe outcomes on most variables and in particular a 0.15 
probability of death before discharge. The final two classes had 
low probabilities of death, the third class associated with 
symptoms reflecting moderately low birthweight and SGA infants, 
whereas infants in the fourth suffered from problems immediately 
after birth, as indicated by high probabilities of a low Apgar 
score or the need for resuscitation.
The classification was based on variables measured 
throughout the neonatal period, some of which may be influenced 
by neonatal care early in life. The alternative of using only 
indicators measured at delivery, which in turn may depend on 
treatment during labour, has the drawback of missing conditions 
with symptoms that appear later and require specialised neonatal 
care.
The SMR1 1 document remains open until the infant is 
discharged or transferred out of neonatal wards, so the scheme 
does not have a fixed time period. A condition arising after an
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infant has been transferred to a medieal ward or discharged home, 
which could be within a few days of delivery, will not be 
reported on the SMR11 document, while the SMR11 of an infant kept 
under surveillance in a neonatal ward may contain information 
covering a period of several weeks. In practice very few infants 
discharged home develop serious problems, but transfer to other 
wards depend on individual hospital policy, and under reporting 
for these infants and could vary between hospitals.
The classes do not identify underlying sub-populations 
within each of which the eleven variables are strictly 
independent, but by using this formulation it proved possible to 
draw a distinction between various patterns of neonatal health. 
It is possible to take account of the arbitrariness of assigning 
an individual to a class by incorporating assignment 
probabilities. In measuring the case-raix within various regions, 
for example, estimates of class prevalence can be weighted by 
these probabilities thus making use of the uncertainty of class 
membership.
As with most statistical clustering techniques, there are no 
theoretical methods for choosing an appropriate number of 
classes. In some applications where interpretation of the classes 
is important, the purpose of the study may dictate an appropriate 
number of classes, or, as is the case here, the results may 
become unsatisfactory as more classes are included. Starting from 
the 1-class model each additional class up to the fourth was 
considered a useful division of the data, but beyond the 4-class 
model the results became very dependent on the choice and 
categorisation of the variables used, and multiple maxima were 
increasingly a problem. The log likelihood increased considerably 
between the 1- and 2-class models and by a reduced amount with
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each additional class up to the sixth. Although these values were 
not the major factor in choosing the number of classes, they did 
indicate that the 1- and 2-class models provided inadequate 
descriptions of the data.
In practice, the usefulness of the neonatal classification 
depends on its performance in describing hospital case-mix and 
the reliability of subsequent resource allocation. In this study 
several desirable aspects of the classification have been 
described but some drawbacks to its use have been suggested. A 
full description of Its viability as a measure of case-mix and 
resource allocation has not been attempted here and remains the 
subject of further study.
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APPENDIX 1
SMR2 DOCUMENT
MEDICAL IN CONFIDENCE
1. GENERAL INFORMATION 
\ Hospital Code
Hospital Cate i I
Reference Number —
Surname
SCOTLAND MATERNITY DISCHARGE SHEET 
CT1 SERIAL (2-7I
H 8-12
5. RECORD OF LABOUR 
v  Method of Induction of Labour
□
Forename 
Second 
Initial 
Maiden Name
Age* Date of Birth
Marital State__________
Home Address*________
19
36
| 137-48
| [49-66
□ 57
V  Post Code 
Occupation
— Patient „
— Husband.
J 168-64
[ ~ ] 65-67 
1  168-70
Date of Marriage
Q
CT2 DUP 2-7
~l I I9-13
I I I14'19
 □  20
Obstetrician___________________
Family Doctor_________________
Type of Antenatal Care_________
2. PREVIOUS PREGNANCIES .
~ ~  , Spontaneous Abortions „„
Total Number ___| (Miscarriages) I— I
Therapeutic Abortions Q  23 - Caesarean Sections
Perinatal Deaths | | 25 '^Children now Living
□ 24 
□ 26
a  CURRENT PREGNANCY 
Date of Admission 
Admitted From____________
Number of Previous Admissions to Any Hospital in 
this Pregnancy
Type of Admission___________________________
Da** of Booking [ | |
J 127-32 
□  33
Original Booking for Delivery.
Blood Group______________
V Height________________f t __
Rh_
Type of Abortion______
Management of Abortion.
Sterilisation after Abortion ______
Principal Complication of Abortion._______
Last Menstrual Period 
V  Estimated Gestation at Abortion or Delivery 
Certainty of Gestation based on LMP______
□ 34 
_ D 3*
1 ..1 .1 l3^ 1
 n«
43
f'TTI^
 □ «
  □  48
 □ «
  □  60
1 \ I Ibi-w
Presentation at Delivery or" 
start of Operative Delivery
Mode of Delivery.
SMR2(A)
281556 CT3 DUP 2-7
□ 
□ 
□ 
□
 Baby 1
 Baby 2
Y Baby 1
Duration of Labour (In Hours)
Sterilisation after Delivery______
Date of Delivery 
\  Number of Births this Pregnancy 
\  Outcome of Pregnancy_________
Baby 2 D  12
I 1 I13"14
  □  15
D i r n
Baby 1 
Baby 2
Birthweight (GMS)
_ Apgar Score at 5 mins
Baby 1 
Baby 2
Sax
16 21 
□  22
□ 23
 □ 24
" M i  l25-28
l l Tl”
Baby 1 [ ^ j  23 
Baby 2 M ]  34 
, Baby 1 [[^] 35
Baby 2 Q  36
B. POSTNATAL RECORD OF iNFANT(S) 
Special Cam Baby U n i t ______________
Baby Discharged To
Cass Record No. 
in this Hospital
Baby 1 [~ 
Baby 2 V
Baby 1 37
_ Baby 2 Q  38 
_ Baby \ Q  39 
_ Baby 2 Q  40
Y/Y/Y/YA*'**
v n x m *'-™
To be specified by Clinician
CT4 DUP 2-7
Underlying Cause of Stillbirth or Baby 
Death
. Baby 1 
. Baby 2 in  12-15
7. MAIN CONDITION
]1 I M 1 I16-21
8. OTHER CONDITIONS
m  m t i 122-27
| 167-58
□ S9
4. MATERNAL DISCHARGE DATA 
Date of Discharge
Condition on Discharge____________
Discharged T o ____________________
Category of Patient_______________
Unit on Discharge_________________
J | 60-65
□ 66
□
□
* Entries at these items are for hospital use only.
□ L i H H k 33
ir T T T T l 4^
] [
9. OPERATION
I
National
Use
Local Use
wnummnwnum'm'
vmmmmmmm'nm
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SMR2 DOCUMENT (REVERSE)
M a rita l S tate (5 7 } 
t ■ Never m arrie d  (S ing le !
2 *  M arried
3 -  W idow ed
4 ■ D ivorced
5 *  Separated
8 “  O ther
9  > N o t K n ow n
Type o f A n te na ta l C ere (2 0 )
0  “  N one
1 -  GP O n ly
2 -  GP care w ith  spe c ia lis t c o n s u lta tio n
3 9 H osp ita l O n ly
4 » GP and Ho&puaJ Shared 
B 9 O ther
9  ■ N o t K n o w n  
A d m itte d  fro m  (33?
0  9 N o t a d m itted  
\ 9 H om e
2 •  O ther hospita l
3 -  GP u n it  ou tw x ih  th is  ho sp ita l
4 » O th e r spe c ia lity  in  th is  ho sp ita l 
T ype  o t Adm iss ion  (3S (
0  9 D o m ic ilia ry  (N ot A d m it te d !
1 9 A b o r tio n  ( in c lud es  th re a ten ed  a b o rtio n  and ec top ic  pregnancy)
2 ■ Pregnant bu t n o t in  lab ou r
3 ■ In  Labour
4 • B o rn  be fo re  arriva l
5  9 A d m itte d  a fte r  de live ry  a t hom e
6  4 A d m itte d  a fte r  d e live ry  in  an y  ho sp ita l
8 •  O tliu i {e.g. d o u b t fu l ly  pTeynani)
O rig ina l B o o t in g  fo r  D e live ry  {4 2 ]
0  *  N o t bo oke d  prio r to  t tu i adm iss ion
1 9 Booked fo r  H om e d e live ry
2 9 T h u  H osp ita l (C o n su lta n t U n it)
3 9 T h u  H osp ita l (GP U n it)
4 9 O th e r H osp ita l (C o n su lta n t U o u )
5  ■* O th e r H osp ita l (G P U m tJ
9 9 N o t K n ow n 
B lo od G roup 1431 
l » O R h  - w
2 9 O R h tv *
3 9 A  R h — ve
4 9 A  R h -tve
5 9 B R h - v e
6  9 B R h tv a
7 -  AB Rh -vm
8  » AB  R h +ve
9  -  N o t K now n
T ype  o f A b o r tio n  (4 7 )
0  ■ Threatened A b o r t io n  ( s t i lt  p regnan t on discharge)
1 9 Spontaneous o r  in c o m p le te  a b o rtio n
2 9 M used a b o rtio n
3 9 H y d a tid ilo rm  m ota
4 -  The rapeutic  A b o r t io n
B 9 Suspected ihepal a b o m o n
6  "  fo ile d  th e rap eu tic  a b o rtio n
7 9 E ctop ic  Pregnancy
B 9 U nspecified a b o rtio n  
M anagement o f  A b o r t io n  (4B )
0  9 N o t opera tive (i.e. m anagem ent o f  th rea tened o r  spontaneous
com p le te  ah o rtro n l
1 9 D+C
2 9 Vacuum  a sp ira tion
3 9 H ys te ro tom y
4 9 P rostaglandin (a ll fa rm s ]
5 9 A m m o u c  in fu s io n  (o th e r  than P rostag land in)
8 9 O th e r ( in e lu d m g o c io p ic  pregnancy)
0  9 N o t sta led
S te rih ta iio n  a fte r  A b q r i io n  |4 9 [
0  9 Nona
1 9  Laparoscopy
2 9 Lapa ro tom y
3 9 Laparoscopy O th a r ho sp ita l
4 9 La pa ro to m y O th e r ho sp ita l
8 9 O thar
9  9 Not stated
P rinc ipa l C om p lica tio n  o f A b o r t io n  ( 50 |
0  9 None
1 9 Haemorrhage
2  9 Sepsis
3 9 Traum a to  C arvix o r u te rus
4 9 Damage to  bow el
5 9 Reta ined p ro du c ts  re q u ir in g  rc-evecuation 
B 9 O ther
9  9 N o t stated
C erta in ty  o l G es ta tio n  (591
0  s N o t applicable
1 9 C erta in
2 9 Uncattain 
9 9 N ot know n
FULL INSTRUCTIONS FOR COMPLETING THIS FORM 
ARE CONTAINED IN THE SMR 2 MANUAL.
KEY TO CODED ITEMS
C o n d itio n  on  D ischarge (66 (
0  *  D o m ic ilia ry  D e livery
1 * S t il l pregnant
2 * A b o rte d  (all types o f com p le te d  a b o rtio n )
3 *  D elivered
4 9 Post n a ia l care o n ly
5  9 Pregnancy n o t c o n firm e d  
B 9 O th e r (e g. k n o w n  m used ab o rtio n )
D ischarged to  (67 )
0 -  D o m ic il ia ry  D e livery
1 9 H om e Care
2 9 O th e r ho sp ita l - GP m a te rn ity  u n it
3 9 O th e r ho sp ita l - specia list m a te rn ity  u n it
4  9 O th e r ho sp ita l o r  in s titu tio n
6 9 O th e r u n it  in  th is  hosp ita l
6  *  D ied  (PM !
7 =  D ied (N o  PM)
8  »  O th e r
C atego ry  o f P a tien t  (68 )
1 -  A m e n ity
2 *  Paying
3 *  N H S
7 9 Special arrangem ent (see m anual)
U m t o n  D ischarge (691
1 9 O b tta tr rc  (C o nsu ltan t)
2  n O b s te tr ic  (General P rac tit io ne r)
3 9 H om e o r O th e r co n fin e m e n t n o t a d m it te d  to  ho sp ita l
4 -  D ay Case ( lo r  d e f in it io n  see m anual)
9  9 O th e r o r  N o t K n o w n  
h fo th o d  o f In d u c tio n  o f la b ou r  (8)
0  -  N one 6  9 P rostag land in* t  O xy to c ic *
1 9 A R M  7 ■ Prostag land ins + A R M  + O x y to c ic i
2  9 O x y to c ic t  8 *  O th e r
3 » A R M  + O x y to c ics  9  9 N o t K n o w n
4 » P rostaglandins 
& 9 A R M  * P rostag land in*
P resenta tion  a t D e live ry  o r  s ta rt 
o f  O pera tive  D e live ry  (Baby 1 and B aby 2) ( 9 ) ,  (10 )
1 9 O c c ip ito  *• a n te rio r
2 9 O c c ip ito  - po s te rio r
3  9 O c c ip ito  - la te ra l
4 •• Breach
5 9 Faco/brow
6  9 Shou lde r
7 *  C o rd
8  » O th e r
9  9 N o t K n o w i
M ode o f  D e livery  (B ab y  1 and Baby 2) (1 1 1 . 1121
0  N o rm a l spontaneous ve rte x , vaginal de live ry , o c c ip ito  - an te rio r.
1 -  C epha lic  vag ina l de live ry  w ith  ab no rm a l p re sen ta tio n  o f  head a t de live ry ,
w ith o u t  tn tU u m a n tt, w ith  o r w ith o u t m a n ip u la tio n .
2 9 Forceps, lo w  a p p lica tio n , w ith o u t m a n ip u la tio n , fo rceps d e live ry  NOS
3 9 O th e r fo rceps de live ry . Forceps w ith  m a n ip u la tio n . H igh  fo rceps. M id  forceps
4 9 V acuum  e x tra c tio n  ven to u ia .
5 9 Breech de live ry , spontaneous assisted o r  u n spe c ified  p a rtia l breach e x tra c tio n
6  9 Breech e x tra c tio n . Breech e x tra c tio n ; NOS o r T o ta l o r V e rs io n  w ith  breech e x tra c tio n .
7 9 Eloctive (planned) Caesarean Section.
8  9  E n w Q o n c y . o th e r  an d  u n s p e c if ie d  C a o ia re a n  S e c t io n
9  9 O th e r and u n spe c ified  m e th od  o f de live ry  
S te rilisa tio n  a fte r  D e live ry  (15 )
0  9 N one
1 *  Laparoscopy
2 9 L sp a ro to m y
3 9 Lapa roscopy o th e r hosp ita l
4  > L a p a ro to m y  o th a r  ho sp ita l
8 9 Other
9  *  N a t sta ted
O u tcom e o f  Pregnancy (Baby ! and B aby 2 ) ( 2 3 ) ,  (24 )
\ ** L ive  b iu h
2 9 S t il l b ir th
3 *■ L ive b ir th  d ie d  <  7 days
4 = L ive  b ir th  d ie d  7-2B days
5  * L ive  b ir th  d ie d  a fte r  28  d a y i
Sex (Boby 1 and B aby 2) (3 5 1 . [361
1 -  Male
2  -  Fem ale
8  *  O th e r o r  N o t K n o w n
Special Cara B aby U n it (Betay I and B ab y  2) ( 3 7 ) .  138]
0  9 N o t A d m itte d
1 9 A d m itte d  fo r  up  to  48 hours
2 9 A d m itte d  fo r  m ore then 48 hours
9  * N o t kno w n
Osby Oischacqed to  (B aby 1 and Baby 21 | 3 9 | . [4Q j
1 9 H om o
2 4 R em ain ing  in  Special Core Baby U n it
3 -  Special Caie Uaby U m t b u t hom e w ith  m o th e r
4 -  T ransfer to  O ther H osp ita l
5 *  O th e r U n n  m same hospita l
6 -  Foster H om e
7 -  Loca l A u th o r it y  Care
8 -  H ea lthy  baby rem ain ing  in  u n it  a fte r  m o th e r 's  discharge
9 *  Dead
SMR21A)
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SMR11 DOCUMENT
K in d ly  re tu rn  c o m p le ted  c o m p u ter record  to
NEONATAL RECORD (R«vl»ed 1980).........................................................
Card I
1. Hospital C oda No.
2. C ase R eference No.
3. M aternal R eference No.
4. M aternal Hospital No.
5. Surnam e
Infant Forenam es...................
Hom e A ddress........................
..Telephone N o -
Consultant 
8. W a rd   o rG .P
Family Doctor.. 
Address.............
..Telephone No..
BIRTH RECORD 1. This Hospital 4. Home
2. G .P . Hospital 5. Other 
10, P la c e .................................  3. O ther Hospital 9. N /K
E .D .O ......................................
11. Gestation (by dates)..
Not Sure N /K
12. Tim e Hrs. D ate  of Birth
1 3 ./1 4 . Apgar Score lm ln ./5 m in .
(for 9 and 10 enter 9 , N /K = 0)
17. Resuscitation
1. Nil (including c lear airway, m ask (h)
2. M is k + IP P V  5. Drugs only 9. N /K
3. In tubation+ IP P V  (no drugs) Specify:
4. Intubation + IP P V  (with drugs) S. Other
18. Birth W eight (g)
S ing lo ton /Tw m /T  ripfot 
1 t2  123
21. Sex
22 . O .F .C
N u m b e r: 
O lder
1, M ale 2. Fem ale 9. N /K  
cm (Third day)
29. Transfers (2  only)
0. None
1. Special C are  Nursery
2. Paediatnc Medical
3. Paedintnc Surgical
4. Caruio-lhoracic unit
5. Neurol/Surgery
6. Other 
9. N /K
MATERNAL RECORD
Health in Pregnancy Normal Abnormal 
S pecify..............................................................................
Mode of Delivery 
0. Vertex  
t. Manipulation  
2. Breech
Local Option 
31.
3. Forceps Low 6. Caesarean
4. Forceps Other 8. Other
5. Ventouse 9. N /K
2-6
7-ro
17-26
27-31
32-43
56-81
62-63
91-101
102-112
Information Services Dlvialon, Edinburgh.
 HO SPITAL
Card 2
Hospital Code No.
C asa Reference No,
S M R t l
(ABBREVIATED)
CUT
~i—a—r 
DUPLIC A TE -  
- I - L . L - J
32. Jaundice 
(bilirubin mg°i>; )irool/l)
1. Absent
2 . Mild ( 5 - t  1 .9 :8 6 -2 0 4 )  
or not measured
3. Moderate
(1 2 .0 -1 9 .9 :2 0 5 -3 4 0 )  
4. Severe
(20 0 - . 3 4 2 . - )  
Absent
9. N /K
34 . Significant Hypotonia
37 . Convulsions
38. Recurrent Apnoaa
39. Assisted Ventilation after 3 0  mins
4 0 . Feeding Difficulty (Tube Feeding)
"Present 
 2__
DISCHARGE RECORD
44 . Condition 1. Normal
2. Doubtlul
3. Cong.A bn.
4 5 . Discharge (Final) 
t . Hom e with Mother
2. Homo after Mother
3. To care of relative
4. Transfer toother 
Hospital (Medical)
4 8 /4 7 . Age (Daysf/W aight
4. Dead 8. Other
5. Dead P M , 9. N /K  
8. Cong Abn.
&  C .n e r
5. Transfer to other 
Hospital (Social)
6. T ran sterto  
R esidentia l/Foster Care
7. D ead
8. O ther
9. N /K
D IA G N O S IS  and P R O C E D U R E S  (Cardiff Code)
48.
49.
63 50.
69-73 51.
73 52.
74 53.
75 54.
73-78 55,
55.
83 57.
37-42 
43-43 
49-54 
55-60 
61-06 
*2 
73-78 
79 84 
85-90 
91-96
Operations (two only)
60 . FO LLO W  UP
61. Local Option 
Comments
X ) 97-100
i i i i
t .  None 3. Elsewhere
2. This Hospital 4. Multiple
QS iC a  Lid. 53-23*9 10/79 PLEASE NOTE: COMPLETION OF SHADED BOXES IS OPTIONAL
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SMR11 DOCUMENT (REVERSE)
NEONATAL RECORD -  SMR11 (ABBREVIATED) 
G eneral 1.
Notes lor completion ol this form
This form snould be completed for every newborn infant discharged or transferred Irom hospital. 
T he top copy should be sent in monthly batches to Room B020. Information Services Diviston. 
Trinity Parti; House. South Trinity Road. Edinburgh EH5 3SQ . The second copy lo the General 
Practitioner and the back copy is retained in the Hospital Case Records.
2 . U se legible block capitals. A ball point pen should be used.
3. In those instances where the key to the code is not given on the form, you may write comments 
in the spaces provided in addition to coding,
4. The use ol separate temnorature and weight charts will be necessary.
5. Item s whic.it do not have numbered coding boxes will not be included on the computer record. 
Shaded boxes need not be filled.
Box
Administrative and Clinical Data -  Coding Instructions 
Card 1
Item
Card No. t 
Hospital code No.
C ase Refer ,-r.ce No. )
2- 6 
7 -1 6
17-26  
27-31  
32 -13
4 6 -5 !
53
5 4 -5 5
56-61
6 2 -6 3
6 9 -7 2
73-74
75
76-7 8
8 8 -8 9
9 0 -1 1 2
Card 2
Box
1
2-6
7-16
17
19-25
29
30
3 1 -3 2
3 3 -3 6
3 7 -4 2 )
4 3 -4 8 )
49-54 )
5 5 -60 )
6 1 -66 )
6 7 -72 )
7 3 -78 )
79-84 )
85-90 )
9 1 -9 6 )
9 7 -1 0 0 )
101-104)
105
106-112
M aternal Reference No. 
Maternal Hospilal No 
Surname
Paediatric Consultant or G .P  
Place ol Birth 
Gestation  
D ale  ul Suth
Apgar Scores (at t and 5 mmoles;
Resuscitation 
Bidh Weight 
Singtntori/Twinr Triplet
Sex
OFC.
Local Options
Item
Card No. 2
Board. District, Institution. Type I
C ase Reference No  
Jaundice
Find in g s-A n y Age
Condition
Discharge to
Age (Days) on Discharge
Weight on Discharge
Diagnosis and Procedures
Operations
Follow up 
Local Option
List of Abbreviations
Instructions
This item is pre-printed as 1'
Enter the 5-digit olliciai code
Enter a  unique 10-digit code in the range 1-9999999999. II the number is less than 10 digits 
the remaining boxes should be completed by leaving blank the spaces following the number, 
e g  | l  12 13 14 15 16 | I I I !
Enter the 5 -digit otlicial code
Enter the current surname, starting with the left-hand box. Apostrophes and hyphens should be 
placed in separate boxes. Names containing more than 12 letters should be entered as follow 
| D | u | R | H | A | M j - l R | O j B | E T i l T S O  N
Enter a 6-digil code in the range 000301 -999999.
Enter a single digit code in the range t -5  II not known.enter 9",
Enter the number ol w eeks (mm - 20, max -45) If not known,enter '9 9 '
Enter a 6-digit date, e.g. 010160  for 1st January I9 6 0 .
Each box musl contain a number in the range 0-9 . where "0" m eans not done .
For scores of 9  or 10 enter code 9".
Enter a  single digit tn the range 1 -5 ,8  or 9.
Enter the weight ingram s. e g, 0980' (m m .-0 5 0 0 . max. =9998). II not known enter 9999  
Enloi in box 73 if ilia child wus a smglulun < 1). a  twin (2) or □ triplet (3)
Enter in box 74 the Order (his child was born, e g the second child born in triplets = 32.
Enter 99 in the boxes if more than triplets are born.
Enter a single digit code in the range 1-2. II not known.enter 9 \
Enter the measurement in cm (prelerably measured on third day of lile).
M in .- 1 0  0. max =49.9. II not known enter 99 9 ".
Enter single digit codas in the range 0 -6  in each box tt not known.enter '9"
Both boxes should be completed
Boxes 9 0 -112  are lor local use only. The code entered in each box should be in the range 0 -9  
Unused boxes should be left blank.
Instructions
This ilom is pre-prmlad as 2"
These earns must be entered identically to the items entered card 1. boxes 2 -1 6 .
Enter a single digit code in Ihe range 1-4 11 not known,enler 9 '
Enter a single digit code in each box in the range 1-2. II not knowqem or 9'
Enter a single digit code in the range 1 -6 .8 . It not knowrvenler "9"
Enter a single digil code in Ihe range 1-8 If other or nol known,enter 9 '.
Enter two digits representing the age in days, e.g 07 for 7 days. II Ihe age is more 
than 99 days, enter 9 9 '.
Enter the weight in grams, e.g. 0980" (m m .=0500. max = 9998). It greater than 9998 gm. 
enter 9998 II not known.enter 9999
The first diagnosis. Classification of infant. Single twin. etc.. must be completed, although 
Ihe others may be toll blank The codes lo bo used are in the ranna V30 to V39  
with 0 t and 2 used to indicate place ol birth The I I V I 3~T have been preprinted, 
leaving the remaining two digits to be tilled in.
Enter code in accordance with the O llice of Population Censuses and Surveys coda of operations 
in the range 0 0 1 0  to 9999
Enter a single digit code in Ihe range 1-4 It nol known enter 9 '
Boxes 106-112 are for local use only The code entered in each box should be in Ihe range 0 -9  
Unused boxes should be tell blank
EDD
IPPV
-  Estimated data at delivery
-  Intermittent positive pressure ventilation
Cong Abn 
N /K
-  Congenital Abnormality 
Not known
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APPENDIX 2
SCOTTISH BIRTHWEIGHT STANDARDS 1975-79 
Taken from Smalls & Forbes (1983)
MALES PRIMIGRAVID 
Gestation Centile
Weeks 5 1 0 25 50 75 90 95
28 0.87 0 . 91 1 .05 1.29 1 .53 1 . 85 2.12
29 0 .85 0 . 94 1.11 1 .37 1.63 2 .00 2.29
30 0 . 90 1 .02 1 .22 1 .50 1 .78 2.16 2 .47
31 1*.00 1.15 1 .37 1 .66 1 .95 2.34 2.66
32 1.14 1 .32 1 .55 1 .84 2.15 2.53 2.84
33 1 .32 1.51 1 .75 2.05 2 .36 2.73 3-02
34 1 .52 1.72 1 . 97 2.27 2.58 2.93 3.20
35 1 .74 1 . 94 2 .20 2.49 2.80 3.14 3.38
36 1 . 96 2.16 2 .42 2.71 3.02 3.33 3.55
37 2.18 2.37 2.63 2. 92 3.22 3 .52 3.72
38 2.38 2 .56 2 . 83 3.11 3.41 3.69 3.87
39 2.56 2.73 2.99 3-28 3-57 3.84 4.00
40 2.71 2.87 3.12 3-41 3.69 3-96 4.13
41 2.81 2 . 96 3 .20 3.49 3.78 4 .06 4 .24
42 2.86 3.00 3 .23 3.53 3. 82 4.12 4.33
F E M A L E S  PRIMIGR AVIDAE
Ges tation Centile
Weeks 5 10 25 50 75 90 95
28 0.81 0.85 1 .00 1 .09 1.31 1.81 2.48
29 0 . 80 0 . 88 1 .07 1 .23 1.49 1 . 98 2.54
30 0 .85 0.97 1.18 1 .40 1 .68 2.16 2.63
31 0 . 96 1.10 1 .33 1.59 1.89 2.34 2.74
32 1.11 1 .26 1.51 1 -79 2.11 2.53 2 .87
33 1.29 1 .46 1 .71 2.01 2.33 2.72 3.01
34 1 .50 1 .66 1 .93 2.23 2.55 2 .91 3.16
35 1.71 1 .88 2.15 2.45. 2.76 3.09 3.31
36 1 .93 2.10 2.37 2.65 2.96 3.27 3.47
37 2.14 2.30 2.57 2 .85 3-15 3-43 3.62
38 2.33 2.49 2.75 3.02 3.31 3.58 3.75
39 2.49 2.65 2 . 90 3-16 3.45 3-71 3 .88
40 2.61 2 .77 3.01 3.27 3.56 3 .82 3-98
4 1 2.69 2.84 3.0 8 3.35 3.63 3.91 4 .06
42 2.70 2 .86 3.08 3-37 3.66 3.97 4.12
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MALES MUJLTIPARAE
Gestation Centile
Weeks 5 10 25 50 75 90 95
28 0.97 1 .05 1.12 1 .34 1 .47 1 . 98 2.55
29 0 . 91 1 .03 1.17 1 .38 1 .58 2.09 2 .60
30 0 . 93 1 .08 1 .28 1 .49 1 .74 2 .23 2.69
31 1 .02 1.19 1 .43 1 .64 1 .93 2 .40 2.81
32 1.16 1 -35 1 .6 1 1 .84 2.15 2.59 2 . 96
33 1 .35 1 .54 1 .82 2 .06 2.38 2 .80 3.12
34 1 .57 1 .76 2.05 2.30 2.62 3.01 3.29
35 1 .80 2.00 2.28 2.55 2 .87 3.23 3 .47
36 2.04 2 .23 2.51 2 . 80 3.10 3 - 44 3.66
37 2 .2? 2.46 2.73 3.03 3-33 3-64 3.83
38 2.48 2.66 2 . 92 3 .24 3.53 3-82 4 .00
39 2.66 2.83 3.09 3.41 3-70 3.98 4.15
40 2.79 2 . 96 3.21 3.53 3.83 4.10 4 J28
41 2 .87 3 .02 3.29 3.59 3.91 4.19 4.38
42 2 . 87 3 .02 3.30 3.59 3-94 4.24 4.45
Gestation 
Weeks 5
PEMAL.ES m u l t i p a r a e
Centile 
10 25 50 75 90 95
28 0 . 96 0.99 1.11 1 .22 1 .48 2 .26 2.91
29 0 . 87 0.97 1.14 1 .30 1 .57 2.24 2.83
30 0 .87 1 .02 1 .22 1 .42 1 .70 2.29 2 .82
31 0 . 94 1.12 1 .36 1 .58 1 .87 2.38 2.86
32 1 .07 1 .28 1 .53 1 .78 2.07 2.52 2. 94
33 1 .25 1 .46 1 .73 1 .99 2.29 2.69 3 .06
34 1 .46 1 .67 1 .95 2 .22 2.52 2.88 3 .20
35 1 .70 1 . 90 2.17 2.45 2.75 3.08 3*36
36 1 . 93 2.12 2.40 2.68 2.98 3.29 3.53
37 2.16 2.34 2.61 2.8 9 3-20 3.49 3.70
38 2.37 2.54 2 .80 3.08 3.39 3 .67 3-86
39 2.54 2 .71 2 . 96 3 .25 3.55 3-83 4.00
40 2.67 2.83 3.08 3.37 3-67 3.95 4.11
41 2.74 2 . 90 3.15 3 .44 3-75 4 .02 4.19
42 2.73 2.91 3.15 3.46 3.77 4 .04 4 .23
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APPENDIX 3
McCULLAGH'S REGRESSION ALGORITHM (CQNTD.)
PROGRAM LOGIT
C MCCULLAGH (1980) MODEL WITH LOGISTIC LINK FUNCTION 
C ESTIMATES PARAMETERS THETA AND BETA BY NEWTON-RAPHSON 
C METHOD WITH FISHER SCORING. THETAS ARE REFERENCE 
C LOGITS AND BETAS ARE REGRESSION COEFFICIENTS.
C CONVERGENCE WHEN TOTAL DIFFERENCE BETWEEN PARAMETER 
C VALUES AT SUCCESSIVE ITERATIONS LESS THAN TOLERANCE. 
IMPLICIT DOUBLE PRECISION(A-H.O-Z)
DIMENSION IREAD(50),ICAT(20)
COMMON /PARS/ NK,NP,NCASE 
COMMON /CHAN/ NCHIN.NCHOUT 
COMMON /RULES/ TOL,ICON 
C ICAT - NUMBER OF LEVELS OF EACH COVARIATE 
DATA (ICAT(J),J=1,6) /2,3,2,3,4,4/
CALL METERINIT 
C NCHIN - INPUT CHANNEL 
NCHIN=1 
C NCHOUT - OUTPUT CHANNEL 
NCH0UT=6
C NK - NUMBER OF LEVELS OF RESPONSE 
NK=8
C NCASE - NUMBER OF CASES TO BE READ IN 
NCASE=356 
C NREAD - NUMBER OF COVARIATES 
NREAD=6
WRITE(6,1 ( 1X , 11 NO OF VARIABLES1T)1)
READ(5,*) NVIN
C READ NVIN NUMBER OF ITEMS IN ARRAY IREAD DESCRIBING THE 
C THE COVARIATES, INTERACTIONS AND RESPONSE DEPENDENT 
C TERMS IN THE MODEL
WRITE(6,’(IX,!'VARIABLES TO BE USED'*)’)
IF(NVIN.EQ.O) GO TO 30 
READ(5,*) (IREAD(J),J=1,NVIN)
DO 10 J=1,NVIN-1
IF(IREAD(J).EQ.0.AND.IREAD(J+1).LE.O) GO TO 20 
10 CONTINUE
IF(IREAD(NVIN).EQ.O) GO TO 20 
GO TO 30
20 WRITE(NCHOUT,’(2X,''IREAD ", 50( 1X, 13)) 1)
4- (IREAD(J), J = 1.NVIN)
WRITE(NCHOUT,*(2X,''INCORRECT MODEL" )*)
STOP 
30 CONTINUE
IREAD(NVIN+1)=1000000 
C ICONV - SET TO 1 ON CONVERGENCE 
ICONV=0
C TOL - TOLERANCE FOR TOTAL PARAMETER CHANGE AT CONVERGENCE 
!0L=.01
CALL READAT(NREAD,IREAD,ICAT)
CALL INIT(IREAD,ICAT)
CALL ICL9CECPUTIME(X)
WRITE(6, ' (5X. "READ IN & INITIALISATION COMPLETED",
+ "  , CPU = "  , F 10.2)' ) X 
C NIT - NUMBER OF ITERATIONS 
NIT=0 
100 NIT=NIT+1
WRITE( 6, » (5X, "ITERATION ",13)’) NIT 
CALL ARHS
CALL ICL9CECPUTIME(X)
WRITE(6, ’ (5X, " A  AND RHS COMPUTED , CPU = ",F10.2)’) X 
CALL SOLVE
CALL ICL9CECPUTIME(X)
WRITE(6, '(5X,"EQUATIONS SOLVED , CPU = ",F10.2)’) X 
CALL CONV(ICONV)
IF(ICONV.EQ.O) GO TO 100 
CALL OUTPUT(NIT,NVIN,IREAD)
STOP
END
SUBROUTINE READAT(NREAD,IREAD,ICAT)
C READ DATA AND CREATE DUMMY VARIABLES FOR SPECIFIED MODEL
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IMPLICIT DOUBLE PRECISION(A-H,0-Z)
DIMENSION IREAD(50),ICAT(20)
DIMENSION IX(1299,59),Z(1299,10),N(1299),ITEM1(20),ITEM2(10)
COMMON /PARS/ NK,NP,NCASE
COMMON /DATA/ IX,Z,N
COMMON /CHAN/ NCHIN,NCHOUT
NP=0
IR=0
C CALCULATE NP - NUMBER OF REGRESSION PARAMETERS Hi MODEL
1 CONTINUE 
IR=IR+1
IF(IREAD(IR).EQ.1000000) GO TO 3 
IADD=ICAT(IREAD(IR))-1 
IMULT =1
IF(IREAD(IR+1).NE.0) GO TO 4 
IMULT=ICAT(IREAD(IR+2))
IR=IR+2 
4 IADD=IADD*IMULT
IF(IREAD(IR+1).LT.0) GO TO 2
NP=NP+IADD
GO TO 1
2 IR=IR+1 
NP=NP+IADD
IF(IREAD(IR+1).GE.0) GO TO 1 
GO TO 2
3 CONTINUE 
NC=NCASE 
NCASErO
DO 100 1=1,NC
READ(NCHIN.71) NTEMP,(ITEM1(J),J=1,NREAD),
+(ITEM2(J),J=1,NK)
71 F0RMAT(5X,I6,1X,.6I1,10( 1X, 15))
C OMIT CASES WITH MISSING DATA 
DO 30 J=1,NREAD
IF(ITEM1(J).GT.ICAT(J)) GO TO 100 
30 CONTINUE
NCASE=NCASE+1
C CREATE CUMULATIVE RELATIVE FREQUENCIES FOR EACH CASE IN Z 
N(NCASE)=NTEMP 
ZN=0
DO 10 J=1.NK-1
Z(NCASE,J)=ZN+FLOAT(ITEM2(J))
10 ZN=Z(NCASE,J)
DO 11 J=1. NK-1
11 Z(NCASE,J;=Z(NCASE,J)/FLOAT(NTEMP)
Z(NCASE,NK)=1.
C CREATE DUMMY VARIABLES IN IX 
IR=0 
IWR= 1
20 CONTINUE 
IR=IR+1
IVAR=IREAD(IR)
IF(IVAR.EQ.1000000) GO TO 25 
JNEST=1
IF(IREAD(IR+1).NE.O) GO TO 26 
IVAR2=IREAD(IR+2)
JNEST=ICAT(IVAR2)
IR=IR+2
26 IF(IREAD(IR+1).LT.0) GO TO 22
C IF A COVARIATE IS NESTED CREATE SEPARATE SETS OF DUMMYS 
C FOR EACH LEVEL OF STRATIFYING VARIABLE 
DO 21 J2=1,JNEST 
1X2=1
IFCJNEST.EQ.1) GO TO 27 
IF(ITEM1(IVAR2),NE.J2) 1X2=0
27 DO 21 J=2,ICAT(IVAR)
IX(NCASE,IWR)=0
IF(ITEM1(IVAR).EQ.J.AND.1X2.EQ.1) IX(NCASE,IWR)=1
21 IWR=IWR+1 
GO TO 20
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C IF RESPONSE DEPENDENT TERMS ARE INCLUDED DUMMYS ARE SET TO 
C -1*(LEVEL NUMBER OF RESPONSE AT WHICH TERMS ENTER MODEL)
22 IR=IR+1
DO 24 J2=1,JNEST 
1X2=1
IF(JNEST.EQ.1) GO TO 28 
IFCITEM1(IVAR2).NE.J2) 1X2=0 
28 DO 24 J=2.ICAT(IVAR)
IX(NCASE.IWR)=0
IF(ITEM1(IVAR).EQ.J.AND.1X2.EQ.1) IX(NCASE,IWR)=IREAD(IR)
24 IWR=IWR+1
IF(IREAD(IR+1).LT.0) GO TO 22 
GO TO 20
25 CONTINUE
IF(I*GT.6) GO TO 100 
100 CONTINUE 
RETURN 
END
SUBROUTINE INIT(IREAD.ICAT)
C SET INITIAL VALUES FOR PARAMETERS
IMPLICIT DOUBLE PRECISION(A-H,0-Z)
DIMENSION IX(1299,59),Z(1299,10),N(1299)
DIMENSION T1(20,5),T2(20.5),W(10),PI(10)
DIMENSION TH(10),B(59),G(10),Y(10),VIN(10),DY(10) 
DIMENSION IREAD(50),ICAT(20)
COMMON /DATA/ IX,Z,N 
COMMON /GAMYV/ G,Y,VIN,DY 
COMMON /THEBE/ TH.B 
COMMON /PARS/ NK,NP,NCASE 
C INITIALISE MATRICES 
DO 10 1=1,20 
DO 10 J=1,5 
T1(I,J)=0 
10 T2(I,J)=0 
DO 15 J=1,10 
PI(J)=0
15 Y(J)=0 
RT0T=0
C CALCULATE POPULATION FREQUENCIES 
DO 16 1=1,NCASE 
RN=FLOAT(N(I))
RTOT=RTOT+RN
Z0=0
DO 16 J=1,NK
PI(J)=PI(J)+RN*(Z(I,J)-Z0)
16 Z0=Z(I,J)
WTOT=0
TEMP=0
C CALCULATE POPULATION WEIGHTS 
DO 17 J=1,NK-1 
TEMP=TEMP+PI(J)
W(J)=TEMP*(RTOT-TEMP)*(PI(J)+PI(J+1))
17 WTOT=WTOT+W(J)
DO 18 J=1, NK-1
18 W(J)=W(J)/WTOT 
DO 100 1=1,NCASE 
RN=FLOAT(N(I))
TEMP=0
DO 20 J=1,NK-1 
C CALCULATE WEIGHTED EMPIRICAL LOGIT FOR EACH CASE 
X=(Z(I,J)*RN+.5)/(RN-RN*Z(I,J)+.5)
RLIN=DLOG(X)
Y(J)=Y(J)+Z(I,J)*RN 
TEMP=TEMP+RLIN *W(J)
20 CONTINUE 
IR=0 
IWR = 1 
30 CONTINUE 
IR=IR+1
IVAR=IREAD(IR)
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IF(IVAR.EQ.1000000) GO TO 100 
JNEST=1
IF(IREAD(IR+1).NE.O) GO TO 40 
IR=IR+2
JNEST=ICAT(IREAD(IR))
40 IREF=1
C ADD WEIGHTED LOGIT TO APPROPRIATE CATEGORY TOTAL FOR EACH 
C COVARIATE IN MODEL, IGNORING INTERACTIONS AND RESPONSE 
C DEPENDENT EFFECTS
DO 50 J=1,JNEST 
DO 50 K=2,ICAT(IVAR)
IF(IX(I,IWR).EQ.O) GO TO 50 
T1(IVAR,K)=T1(IVAR,K)+RN*TEMP 
T2(IVAR,K)=T2(IVAR,K)+RN 
IREF=0 
50 IWR=IWR+1
IF(IREF.NE.I) GO TO 60 
T1(IVAR,1)=T1(IVAR,1)+RN*TEMP 
T2(IVAR,1)=T2(IVAR,1)+RN 
60 IF(IREAD(IR+1).GT.O) GO TO 30 
IR=IR+1
70 IF(IREAD(IR+1).GT.0) GO TO 30 
IWR=IWR+(ICAT(IVAR)-1)*JNEST 
IR=IR+1 
GO TO 70 
100 CONTINUE
C SET INITIAL THETA VALUES TO POPULATION LOGITS 
DO 110 K-1,NK-1
TH(K -(Y(K)+.5)/(RTOT-Y(K)+.5)
110 TH(K)=DLOG(TH(K))
IR=0 
IWR=1 
130 CONTINUE 
IR=IR+1
IVAR=IREAD(IR)
IF(IVAR.EQ.1000000) GO TO 150 
JNEST=1
IF(IREAD(IR+1).NE.O) GO TO 180 
JNEST=ICAT(IREAD(IR+2))
IR=IR+2
C SET INITIAL BETA VALUES TO TOTAL WEIGHTED LOGITS IN 
C EACH CATEGORY MINUS WEIGHTED LOGITS IN REFERENCE 
C CATEGORY FOR EACH COVARIATE, INITIAL PARAMETER VALUES 
C EQUAL FOR EACH LEVEL OF STRATIFYINGC COVARIATE IN 
C AN INTERACTION
180 BREF=T1(IVAR,1)/T2(IVAR,1)
DO 120 J2=1,JNEST 
DO 120 J=2.ICAT(IVAR)
B(IWR)=T1(IVAR,J)/T2(IVAR,J)-BREF 
120 IWR=IWR+1
IF(IREAD(IR+1).GE.0) GO TO 130 
IR=IR+1
C INITIAL BETA VALUES EQUAL AT DIFFERENT RESPONSE LEVELS 
C FOR 
170
160
150
RESPONSE DEPENDENT EFFECTS 
IF(IREAD(IR+1).GE.0) GO TO 130 
DO 160 J2=1,JNEST 
DO 160 J=2.ICAT(IVAR)
B(IWR)=T1(IVAR,J)/T2(IVAR,J)-BREF
IWR=IWR+1
IR=IR+1
GO TO 170
CONTINUE
WRITE(6,’(2X,1’THETAS’1)')
WRITE(6,’(5(2X.F10.6))») (TH(K),K=1,NK-1) 
WRITE(6,1(2X,'’BETAS’ 1)’),
WRITE?6J'(St^XjFIO.O))1) (B(K),K=1,NP) 
G(NK)=1.
DY(NK)=DEL(G(NK))
RETURN
END
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SUBROUTINE ARHS 
C CALCULATE MATRIX OF EXPECTED SECOND DERIVATIVES AND 
C RIGHT HAND SIDE OF NEWTON-RAPHSON EQUATION.
IMPLICIT DOUBLE PRECISION(A-H.O-Z)
DIMENSION QJR(69),A(69,69),HHS(69)1DY(10)
DIMENSION IX(1299,59),Z(1299,10)fN(1299),G(10),Y(10),VIN(10) 
COMMON /DATA/ IX,Z,N 
COMMON /GAMYV/ G,Y,VIN,DY 
COMMON /SIMUL/ A,RHS 
COMMON /PARS/NK,NP,NCASE 
C INITIALISE MATRICES 
DO 10 I=1,NK+NP-1 
RHS(I)=0
DO 10 J=1,NK+NP-1 
10 A(I,J)=0
DO 500 1=1,NCASE 
RN=FLOAT(N(I))
CALL GYVCAL(l)
C CALCULATE QJR CORRESPONDING TO THETAS 
DO 100 J=1,NK-1 
DO 20 K=1,NK-1 
QJR(K)=0
IF(K.NE.J) GO TO 21 
QJR(K)=DY(J)
21 IF(K.NE.J+1) GO TO 20
QJR(K)=-G(J)*DY(J+1)/G(J+1)
20 CONTINUE 
C CALCULATE QJR CORRESPONDING TO BETAS 
DO 30 K=1,NP 
TEMP=0
IF(IX(I,K).GT.0.QR.-IX(IfK).EQ.J) TEMP=1.
TEMP 1 = 0
IF(IX(I,K).GT.0.0R.-IX(I,K).EQ.J+1) TEMPI=1.
QJR (NK-1+K) =DY (J) *TEMP- (G(J) /G.( J+1)) *DY (J+1) *TEMP 1 
30 CONTINUE
QJ=Y(J)*DY(J)-(G(J)/G(J+1))*DY(J+1)*Y(J+1)
DO 80 IR=1.NK+NP-1 
C RIGHT HAND SIDE IN VECTOR RHS
ADD=RN*VIN(J)*QJR(IR)*(QJ+Z(I,J)-G(J)*Z(I,J+1)/G(J+1)) 
RHS(IR)=RHS(IR)+ADD 
DO 80 IS=1.IR
C EXPECTED SECOND DERIVATIVES IN BOTTOM TRIANGLE OF MATRIX A 
A(IR,IS)=A(IR,IS)+RN*VIN(J)*QJR(IR)*QJR(IS)
80 CONTINUE 
100 CONTINUE 
500 CONTINUE 
RETURN 
END
SUBROUTINE GYVCAL(I)
C CALCULATE Y - LINEAR COMPONENT OF MODEL, G - INVERSE 
C LINK FUNCTION OF LINEAR COMPONENT, VIN - RATE OF CHANGE OF 
C PHI WITH GAMMA. DY - RATE OF CHANGE OF GAMMA WITH Y.
IMPLICIT DOUBLE PRECISION(A-H,O-Z)
DIMENSION TH(10),B(59),IX(1299,59),Z(1299,10),N(1299) 
DIMENSION G(10),Y(10),VIN(10),DY(10)
COMMON /DATA/ IX,Z,N 
COMMON /GAMYV/ G,Y.VIN,DY 
COMMON /THEBE/ TH,B 
COMMON /PARS/ NK,NP,NCASE 
DO 100 J=1,NK-1 
X=TH(J)
DO 10 K=1,NP 
TEMP=0
IF(IX(I,K).GT.O.OR,-IX(I,K).EQ.J) TEMP=1.
10 X=X+B(K)*TEMP 
G(J)=RINLIN(X)
Y(J)=X 
100 CONTINUE
DO 200 J=1,NK-1
VIN(J)=G(J+1)/(G(J)*(G(J+1)-G(J)))
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DY(J)=DEL(G(J))
200 CONTINUE 
RETURN 
END
FUNCTION RLINK(X)
C CALCULATES LINK FUNCTION
IMPLICIT DOUBLE PRECISI0N(A-H,0-Z)
RLINK=DLOG(X/(1.-X))
RETURN
END
FUNCTION DEL(X)
IMPLICIT DOUBLE PRECISION(A-H,0-Z)
DEL=X*(1.-X)
RETURN
END
FUNCTION RINLIN(X)
C CALCULATES INVERSE LINK FUNCTION
IMPLICIT DOUBLE PRECISION(A-H.O-Z)
RINLIN=DEXP(X)
RINLIN=RINLIN/(1.+RINLIN)
RETURN
END
SUBROUTINE SOLVE 
C SOLVE NETWON-RAPHSON EQUATION AX(N+1)=RHS 
IMPLICIT DOUBLE PRECISION(A-H.O-Z')
DIMENSION A(69,69),RHS(69),P(69)
COMMON /SIMUL/ A.RHS 
COMMON /PARS/ NK,NP,NCASE 
N=NK-1+NP 
IFAIL=0
CALL F01BXF(N.A,69,P,IFAIL)
IF(IFAIL.EQ.O) GO TO 10
WRITEC6,’(2X,♦'F01BXF , IFAIL = ",11)’) IFAIL 
STOP
10 CALL F04AZF(N.1 ,A,69,P‘,RHS,69,IFAIL)
IF(IFAIL.EQ.O) GO TO 20
WRITE(6,T(2X,'’F04AZF , IFAIL = ", 11)’) IFAIL 
STOP 
20 RETURN 
END
SUBROUTINE CONV(ICONV)
C SET NEW WORKING VALUES FOR THETA AND BETA AND CALCULATE 
C CONVERGENCE CRITERION, TOTAL DIFFERENCE BETWEEN NEW AND 
C OLD PARAMETER VALUES
IMPLICIT DOUBLE PRECISION(A-H.O-Z)
DIMENSION A (69,69),RHS(69),THuQ),B(59)
COMMON /SIMUL/ A,RHS 
COMMON /THEBE/ TH.B 
COMMON /PARS/ NK.NP.NCASE 
COMMON /RULES/ TOL,ICON 
DIFF=0 
C THETA VALUES
DO 10 J=1,NK-1 
DTEMP=TH(J)-RHS(J)
IF(DTEMP.LT.O) DTEMP=-DTEMP 
IF(DTEMP.GT.DIFF) DIFF=DTEMP 
TH(J)=RHS(J)
10 CONTINUE 
C BETA VALUES
DO 20 J=1,NP
DTEMP =B(J)-RHS(NK-1+J)
IF(DTEMP.LT.O) DTEMP=-DTEMP 
IF(DTEMP.GT.DIFF) DIFF=DTEMP 
B(J)=RHS(NK-1+J)
20 CONTINUE
IF(DIFF.LT.TOL) ICONV=1 
WRITE(6,1(2X.''THETAS*T)T)
WRITEC 6,*(5(2X,F10.6))15 (TH(K),K=1,NK-1)
WRITEC6,’(2X,f‘BETAS11)T)
WRITE(6,’(5(2X,F10.6))1) (B(K),K=1,NP)
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WRITE(6, • (2X, "MAXIMUM PARAMETER CHANGE = ",F10.7)') DIFF
RETURN
END
SUBROUTINE LOGLIK(RLL,RDEV)
C CALCULATES LOG LIKELIHOOD AND CASES WITH MAXIMUM AND MINIMUM 
C LINEAR COMPONENTS
IMPLICIT DOUBLE PRECISION(A-H,0-Z)
DIMENSION IX(1299,59),Z(1299,10).N(1299)
DIMENSION G(10),1(10),VIN(10),DY(10),AVG(10)
COMMON /DATA/ IX,Z,N
COMMON /MAXMiN/ AVG, IMAX, YMAX, IMIN, YMIN
COMMON /GAMYV/ G,Y,VIN.DY
COMMON /PARS/ NK,NP,NCASE
RLL=0
RDEV=0
YMIN=10000.
YMAX=-100000.
DO 20 J=1,NK-1 
20 AVG(J)=0
DO 100 1=1,NCASE 
CALL GYVCAL(I)
C MAXIMUM AND MINIMUM CASES 
DO 30 J=1,NK-1 
30 AVG(J)=AVG(J)+G(J)
IF(Y(1).LE.YMAX) GO TO 40 
YMAX=Y(1)
IMAX=I
40 IF(Y(1).GE.YMIN) GO TO 50 
YMIN=Y(1)
IMIN=I 
50 CONTINUE 
T=0 
F=0
C CALCULATES INCREMENTS TO THE LOG LIKELIHOOD 
DO 10 J=1.NK-1
T=T+Z(I,J)#DLOG(G(J)/(G(J+1)~G(J)))
T=T-Z(I,J+1)*DLOG(G(J+1)/(G(J+1)-G(J))) 
IF?Z(I,J).EQ.Z(I.J+1)) GO TO 10 
IF(Z(I,J).EQ.0.0) GO TO 15 
F=F+Z(I,J)*DLOG(Z(I,J)/(Z(I,J+1)-Z(I,J)))
15 F=F-Z(I,J+1)*DLOG(Z(I,J+1)/(Z(I,J+1)-Z(I,J)))
10 CONTINUE
RDEV=RDEV+FLOAT(N(I))*F 
RLLINC=FLOAT(N(I))*T 
RLL=RLL+RLLIN C 
RLLINC=-2.*RLLINC 
100 CONTINUE 
RLL=-2.*RLL 
RDEV=RLL+2.*RDEV 
DO 60 J=1,NK-1 
60 AVG(J)=AVG(J)/NCASE 
RETURN 
END
SUBROUTINE INVERT 
C CALCULATES INFORMATION MATRIX AT SOLUTION 
IMPLICIT DOUBLE PRECISION(A-H.O-Z)
DIMENSION A(69,69),RHS(69),B(69,69)
COMMON /SIMUL/ A,RHS 
COMMON /PARS/ NK,NP,NCASE 
CALL ARHS 
N=NK-1+NP 
IFAIL=0
DO 10 IR=1.NK+NP-2 
DO 10 IS=IR+1,NK+NP-1 
10 A(IR,IS)=A(IS,IR)
C MATRIX INVERSION
CALL F01ACF(N,X02AFF(IT),A,69,B,69,RHS,NCORR,IFAIL)
IF(IFAIL.EQ.O) GO TO 20
WRITE(6,t(2X,"F01ACF , IFAIL = ",11)*) IFAIL 
STOP
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20 CONTINUE
DO 30 IR=1,NK+NP-1 
DO 30 IS=1.IR 
30 A(IS,IR)=A(IR+1,IS)
RETURN
END
SUBROUTINE OUTPUT(NIT,NVIN.IREAD)
C OUTPUT PARAMETERS AND STATISTICS
IMPLICIT DOUBLE PRECISI0N(A-H,0-Z)
DIMENSION IX(.1299,59) ,Z( 1299,10),N( 1299),IREAD(50)
DIMENSION B(59),TH(10),A(69,69),RHS(69;,AVG(10)
COMMON /THEBE/ TH,B 
COMMON /DATA/ IX,Z,N
COMMON /MAXMIN/ AVG,IMAX,YMAX,IMIN,IMIN 
COMMON /SIMUL/ A,RHS 
COMMON /PARS/ NK,NP,NCASE 
COMMON /CHAN/ NCHIN.NCHOUT
WRITE(NCHOUT,'(5X,''NUMBER OF CASES IN ANALYSIS ’*,18)') 
+NCASE
WRITE(NCHOUT, ' (5X, "NUMBER OF RESPONSE LEVELS ” ,13)’) NK 
WRITE(NCHOUT, ’ (5X, "NUMBER OF PARAMETERS ".16)') NP 
WRITE(NCHOUT,’(5X,''MODEL " //5X,50(1X,13))T)
+(IREAD(J),J=1.NVIN)
WRITE (NCHOUT,' (2X, "CONVERGENCE AFTER ITERATION ",I2)') NIT 
CALL LOGLIK(RLL,RDEV)
WRITE(NCHOUT,70) RLL,RDEV
70 FORMAT(2X.'LOG LIKELIHOOD RATIO = ',G12.7,
+//,2X,'RESIDUAL DEVIANCE = ’,G12.7)
CALL INVERT
C CALCULATES AND WRITES OUT PARAMETERS AND CONFIDENCE INTERVALS 
DO 10 J=1.NK-1+NP 
IF(J.EQ.I) WRITE('NCHOUT.72)
IF(J.EQ.NK) WRITE(NCHOUT,73)
IF(J.LE.NK-1) PAR=TH(J)
IF(J.GT.NK-I) PAR=B(J-NK+1)
SD=1.96*SQRT(A(J,J))
CL=PAR-SD
CU=PAR+SD
IF(J.GT.NK-1) GO TO 20 
ETH=RINLIN(PAR)
ECL=RINLIN(CL)
ECU=RINLIN(CU)
GO TO 10 
20 ETH=DEXP(PAR)
ECL=DEXP(CL)
ECU=DEXP(CU)
10 WRITE(NCHOUT,71) PAR,CL,CU,ETH,ECL,ECU 
C WRITES OUT AVERAGE, MAXIMUM AND MINIMUM RISK CASES 
WRITE(NCHOUT,7*0 (AVG(J),J=1,NK-1)
XMAX=YMAX-TH(1)
WRITE(NCHOUT 175) IMAX,XMAX,N (IMAX),(IX(IMAX, J ),J=1,NP) 
XMIN=YMIN-TH(1)
WRITE(NCHOUT,76) IMIN,XMIN,N (IMIN),(IX(IMIN,J ),J = 1,NP)
CALL ICL 9CEDATE(DATE)
CALL ICL9CECPUTIME(X)
WRITE(NCHOUT,'(30X,A8,5X, "  CPU = ",F10.2)') DATE,X 
RETURN
71 FORMAT(1 OX,F6.3,2X,'(',F6.3,1,f,F6.3,')',
+5X.F6.3, ’('.Fe.BiV.FS.S,1 )’)
72 FORMAT(2X'THETAS',2X,2X,'LOGISTIC SCALE',7X,
+5X,2X,'INVERSE LINK SCALE’)
73 FORMAT(2X 'BETAS',3X,2X,'LOGISTIC SCALE',7X,
+5X,2XEXPONENTIAL SCALE')
74 FORMAT(2XCASE AVERAGE GAMMAS *//2X,20(F6.4,2X))
75 FORMAT(/2X,'MAXIMUM RISK CASE = ' 16.5X 'LINEAR RISK = », 
+F7.4,5X,'FREQUENCY = ' I4//2X,39(±2Jx)5
76 FORMAT(/2X,'MINIMUM RISK CASE = ’ 16,5X,'LINEAR RISK =
+F7.4,5X,'FREQUENCY = ',I4//2X,39(12,IX))
END
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PROGRAM PHAZ
C PRENTICE & GLOECKLER’S (1978) MODEL FOR GROUPED SURVIVAL DATA. 
C ESTIMATES PARAMETERS GAMMA AND BETA BY NEWTON-RAPHSON. GAMMAS 
C ARE REFERENCE LOG-LOG(SURVIVAL PROBABILITIES IN EACH GROUP).
C BETAS ARE REGRESSION COEFFICIENTS. CONVERGENCE WHEN EUCLIDEAN 
C DISTANCE BETWEEN SUCCESSIVE PARAMETER VALUES LESS 
C THAN TOLERANCE. THIS VERSION CAN HANDLE TIME 
C DEPENDENT VARIABLES
IMPLICIT DOUBLE PRECISION(A-H,0-Z)
DIMENSION IREAD(20)
COMMON /PARS/ NVAR,NWEEK,NCASE,TOL 
COMMON /CHAN/ NCHIN.NCHOUT 
COMMON /READIN/ NREAD,IREAD 
CALL METERINIT
WRITE(6, ’ (1X, ’’NO OF VARIABLES” )’)
C NVAR - NUMBER OF PARAMETERS IN ANALYSIS 
READ(5,*) NVAR 
C NWEEK - NUMBER OF SURVIVAL CATEGORIES 
NWEEK=10 
C NCASE - NUMBER OF DATA CASES 
NCASE=1521 
C NREAD - NUMBER OF PARAMETERS IN MODEL 
NREAD=16
WRITE(6(1X, ’’VARIABLES TO BE USED” )’)
C IREAD - ARRAY CONTAINING COVARIATES ON DATA FILE IN MODEL 
READ(5,*) (IREAD(J),J=1,NVAR)
C TOL - TOLERANCE FOR EUCLIDEAN DISTANCE ON CONVERGENCE 
TOL=.01 
C NCHIN - INPUT CHANNEL 
NCHIN=8 
C NCHOUT - OUTPUT CHANNEL 
NCH0UT=13 
CALL MAIN 
STOP 
END
SUBROUTINE MAIN
IMPLICIT DOUBLE PRECISION(A-H.O-Z)
DIMENSION S11(20).S12(20,20),S22(20,20),T 11(20)
DIMENSION B(20),g (20)
COMMON /PARIT/ B,G 
COMMON /PARS/ NVAR,NWEEK,NCASE,TOL 
COMMON /INFI/ S11,S12,S22,T11 
C NIT - NUMBER OF ITERATIONS 
NIT=1
C ICON - SET TO 1 ON CONVERGENCE 
IC0N=0 
CALL READAT 
CALL METER
WRITE(6, ’ (5X, ”  DATA READ IN” )’)
CALL START 
CALL METER
WRITEC6, ' (5X, ”  PARAMATERS INITIALISED” )’)
C NEWTON RAPHSON ITERATION BEGINS 
100 CONTINUE
W R I T E ( 6 ( 5 X ,  ”  ITERATION ” ,13)’) NIT 
CALL SCORE 
CALL METER
WRITE( 6 (5X, ”  SCORE STATISTIC CALCULATED” )’)
CALL INVERT 
CALL METER 
WRITE(6,’(5X,
+ ”  INFORMATION CALCULATED AND INVERTED” )’)
CALL UPDATE 
CALL METER
WRITE(6,'(5X, ”  PARAMETER VALUES UPDATED ”  )')
CALL CONVGE(ICON,DIFF)
IF(ICON.EQ.1) GO TO 200 
NIT=NIT+1 
GO TO 100 
200 CALL OUTPUT(NIT,DIFF)
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RETURN 
END •
SUBROUTINE SCORE 
C CALCULATES CURRENT SCORE
IMPLICIT DOUBLE PRECISION(A-H.O-Z)
DIMENSION SCG(20),SCB(20),B(20),G(20).IREAD(20) 
DIMENSION IX(1700,20),IGES(1700,20),H(20)
COMMON /PARIT/ B,G
COMMON /PARS/NVAR,NWEEK,NCASE,TOL
COMMON /SCOR/ SCG.SCB
COMMON /READIN/ NREAD,IREAD
COMMON /COVAR/ IX
COMMON /WEEKS/ IGES
FUNB(X )=X*DEXP(-X)/(1.-DEXP(-X))
C INITIALISE ARRAYS 
DO 5 1=1,20
5 SCG(I)=0
DO 6 1=1,20
6 SCB(I)=0
DO 500 1=1,NCASE
DO 100 K=1,NWEEK
HK=0
BHK=0
ZB = 0
IF(NVAR.EQ.O) GO TO 8 
DO 7 J=1,NVAR 
Z-IX(I J)
IF(IX(i ,J).LT.0) Z=IX(I,J+IX(I,J))*K**(-IX(I,J))
7 ZB=ZB+B(J)SZ
8 IF(K.EQ.NWEEK) GO TO 30 
H(K)=DEXP(G(K)+ZB)
HK=H(K)
BHK=FUNB(HK)
30 CONTINUE 
C CALCULATE SCORE CORRESPONDING TO GAMMAS 
DO 50 J=1,NWEEK-1 
IF(J-K) 10,20,50 
10 SCG(J)=SCG(J)-H(J)*IGES(I,K)
GO TO 50 
20 SCG(J)=SCG(J)+BHK*IGES(I,K)
50 CONTINUE 
C CALCULATE SCORE CORRESPONDING TO BETAS 
IF(NVAR.EQ.O) GO TO 100 
DO 60 J=1,NVAR 
HSUM=0
DO 55 K1=1,K-1 
Z=IX(I J)
IF(IX(i,J).LT.O) Z=IX(IfJ+IX(I,J))*K1**(-IX(I,J)) 
55 HSUM=HSUM+Z*H(K1)
Z=IX(I,J)
IF(IX(I,J).LT.O) Z=IX(I.J+IX(I,J))*K**(-IX(I,J)) 
SCB(J)=SCB(J)+IGES(I,K)*(Z*BHK-HSUM)
60 CONTINUE 
100 CONTINUE 
500 CONTINUE
WRITE(6,f(5X,*fSCORE STATISTICf»)f)
WRITEC6,'(2X,''GAMMA*1)’)
WRITE(6,*) (SCG(I),1=1,K;
IF(NVAR.EQ.O) RETURN 
WRITEC 6,’(2X,1’BETA’1)»)
WRITE(6,*) (SCB(I),1=1,NVAR)
RETURN
END
SUBROUTINE INVERT
IMPLICIT DOUBLE PRECISION(A-H.O-Z)
DIMENSION S11(20),S12(20,20),S22(20,20),T11(20) 
DIMENSION W(20,20)
COMMON /INFI/ S11.S12.S22.T11 
COMMON /PARS/ NVAR,NWEEK,NCASE,TOL 
CALL CALCI
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CALL METER , % v
WRITEC6, * (5X. "  MATRIX S CALCULATED” )1)
IF(NVAR.EQ.O) GO TO 55 
C CALCULATE E=S22-S21*INV(S11)*S12 
DO 5 1=1,NVAR 
DO 5 J=I,NVAR
DO 5 K=1,NWEEK-1 ,
5 S22(I,J)=S22(I,J)-S12(K,I)*S12(K,J)/S11(K)
IF(NVAR.GT. 1) GO TO 6
S22(2,1) = 1. /S22(1,1)
GO TO 10
6 EPS=X02AAF(X)
IFAIL=0
C INVERT LOWER DIAGONAL MATRIX
CALL FO1ACF(NVAR.EPS,S22,20,W,20,T11,L,IFAIL)
IF(IFAIL.EQ.0) GO TO 10 
WRITE(6, 1 (5X, ! 1 IFAIL = ” ,11)*) IFAIL 
10 CONTINUE
CALL METER N v
WRITE(6,T(5X,’1 MATRIX INVERTED * 1)')
C CALCULATE F
DO 20 1=1,NWEEK-1 
DO 20 J=1,NVAR 
20 S12(I,J)=S12(I,J)/S11(I)
C COPY INVERSE INTO UPPER TRIANGULAR S‘22 
DO 30 1=1,NVAR 
DO 30 J=I.NVAR 
30 S22(I,J)=S22(J+1,1)
DO 40 1=2,NVAR 
DO 40 J=1,1-1 
40 S22(I,J)=S22(J,I)
C CALCULATE INV(S11)+F*INV(E)*FT IN LOWER TRIANGLE S22 
DO 50 1=1,NWEEK-1 
DO 50 J=1, NVAR 
W(I,J)=0 
DO 50 K=1,NVAR 
50 W(I,J)=W(I,J)+S12(I,K)*S22(K,J)
55 CONTINUE
DO 60 1=1,NWEEK-1 
DO 60 J = 1,1
S22(I+1,J)=0 v N
IF(I.EQ.J) 322(1+1,J)=1./S11(I)
IF(NVAR.EQ.O) GO TO 60 
DO 65 K=1,NVAR 
65 S22(I+1,J)=S22(I+1,J)+W(I,K)*S12(J,K)
60 CONTINUE
IF(NVAR.EQ.O) RETURN 
C MOVE -F*INV(E) FROM W TO S12 
DO 70 I=1,NWEEK-1 
DO 70 J=1,NVAR 
70 S12(I,J)=-W(I,J)
RETURN
END
SUBROUTINE UPDATE
IMPLICIT DOUBLE PRECISI0N(A-H,0-Z) % / v
DIMENSION B(20),G(20),SCG(20).SCB(20).BLAST(20),GLAST(20) 
DIMENSION S11(20),S12(20,20),S22(20,20) ,T11(20)
COMMON /PARIT/ B,G 
COMMON /PARS/ NVAR,NWEEK,NCASE,TOL 
COMMON /INFI/ S11,S12,S22,T11 
COMMON /SCOR/ SCG,SCB 
COMMON /LAST/ BLAST,GLAST 
C UPDATE GAMMA ESTIMATES 
DO 50 I=1,NWEEK-1 
G(I)=GLAST(I)
DO 10 K=1,NWEEK-1
IF(I.GE.K) G(I)=G(I)+S22(I+1,K)*SCG(K 
IF(I.LT.K) G(I)=G(I)+S22(K+1,I)*SCG(K 
10 CONTINUE
IF(NVAR.EQ.O) GO TO 50
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DO 20 K=1,NVAR 
20 G(I)=G(I)+S12(I,K)*SCB(K)
50 CONTINUE
IF(NVAK.EQ. 0) GO TO 200 
C UPDATE BETA ESTIMATES 
DO 100 1=1.NVAR 
B(I)=BLAST(I)
DO 60 K=1,NWEEK-1 
60 B(I)=B(I)+S12(K,I)*SCG(K)
DO 70 K=1.NVAR
IF(I.LE.K) B(I)=B(I)+S22(I , K)*SCB(K)
IF(I.GT.K) B(I)=B(I)+S22(K,I)*SCB(K)
70 CONTINUE 
100 CONTINUE 
200 CONTINUE
WRITE(6,'(5X ’» NEW ESTIMATES’1)1)
WRITE(6,*) (GCI),1=1,NWEEK-1)
IF(NVAR.EQ.O) RETURN 
WRITE(6,*) (B(I), 1= 1,NVAR)
RETURN
END
SUBROUTINE CONVGE(ICON.DIFF)
C CALCULATE EUCLIDEAN DISTANCE BETWEEN SUCCESSIVE 
C PARAMETER VALUES AND RESET OLD VALUES.
IMPLICIT DOUBLE PRECISION(A-H.O-Z)
DIMENSION B (20), G (2 0),BLAST(20),GLAST(20)
COMMON /PARIT/ B,G 
COMMON /PARS/ NVAR,NWEEK,NCASE,TOL 
COMMON /LAST/ BLAST,GLAST 
DIFF=0 
10 DO 20 1=1,NWEEK-1
DIFF=DIFF+(G(I)-GLAST(I))**2 
20 GLAST(I)=G(I)
IF(NVAR.EQ.O) GO TO 50 
DO 30 1=1,NVAR
DIFF=DIFF+(B(I)-BLAST(I))**2 
30 BLAST(I)=B(I)
50 CONTINUE
DIFF =SQRT(DIFF)
WRITE ( 6, ’ (5X, ’ ’ DIFF = ” ,F10.6)') DIFF 
C TEST FOR CONVERGENCE
500 IF(DIFF.LT.TOL) ICON=1 
RETURN 
END
SUBROUTINE CALCI
IMPLICIT DOUBLE PRECISION(A-H,0-Z)
DIMENSION S11(20),S12(20,20),S22(20,20), T11(20),IREAD(20)
DIMENSION IGES(1700,20),IX(l700,20),B(26)fG(20),H(20)
COMMON /PARIT/ B,G
COMMON /INFI/ S11.S12,S22,T11
COMMON /PARS/ NVAR,NWEEK,NCASE,TOL
COMMON /READIN/ NREAD,IREAD
COMMON /WEEKS/ IGES
COMMON /COVAR/ IX
FUNB(X )=X*DEXP(-X)/(1.-DEXP(-X))
DO 10 J1=1,NWEEK-1 
S11(J1)=0
IF(NVAR.EQ.O) GO TO 10 
DO 5 J2=1.NVAR 
5 S12(J1,J2)=0 
10 CONTINUE
IF(NVAR.EQ.0) GO TO 15 
DO 20 J1=1,NVAR 
DO 20 J2=J1.NVAR 
20 S22(J1,J2)=0 
15 CONTINUE
DO 500 1=1,NCASE 
DO 25 J1=1,NWEEK-1 
25 T11(J1)=0
DO 500 K=1,NWEEK
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ZB=Q
IFCK.EQ.NWEEK) GO TO 22 
IF(NVAR.EQ.O) GO TO 23 
DO 21 J=1, NVAR 
Z=IX(I,J)
IF(IX(I.J).LT.0) Z=IX(I,J+IX(I,J))*K**(-IX(I,J))
21 ZB=ZB+B(J)*Z
23 H(K)=DEXP(G(K)+ZB)
22 CONTINUE
CALCULATE S11 INCREMENT FOR INDIVIDUALS (IfK)
HK=0
DIK=0
IFCK.EQ.NWEEK) GO TO 50 
HK=H(K)
E=DEXP(»HK)
DIK=FUNB(HK)*(E+HK-1.)/(1,-E)
50 DO 60 J=1,NWEEK-1
IF(J-K) 36,40,60 
30 T11(J)=H(J)
S11(J)=T11(J)«IGES(I,K)+S11(J)
GO TO 60 
40 T11(J)=DIK
S11(J)=T11(J)«IGES(I,K)+S11(J)
60 CONTINUE
IF(NVAR.EQ.0) GO TO 90 
C CALCULATE S12 INCREMENT FOR INDIVIDUALS (I,K)
DO 70 J1=1,NWEEK-1 
DO 70 J2=1.NVAR 
Z=IX(I,J2)
IFCIXCI,J2).LT.0) Z=IX(I,J2+IX(I,J2))*J1**(-IX(I,J2))
70 S12(J1,J2)=S12(J1,J2)+Z*T11(J1)*IGES(I,K)
C CALCULATE S22 INCREMENT FOR INDIVIDUALS (I,K)
DO 80 J1=1,NVAR 
DO 80 J2=J1, NVAR 
HSUM=0
DO 85 J=1,K-1 
Z1=IX(I,J1)
IFCIXCI,J15.LT.0) Z1=IX(I,J1+IXCI,J1))*J**(-IX(I,J1)) 
Z2=IX(l J2)
IF(IX(l!J2).LT.0) Z2=IX(I,J2+IX(I,J2))»J**(-IX(I,J2)) 
85 HSUM=HSUM+Z1*Z2*H(J)
Z1=IX(I,J1)
IFCIXCI,J1).LT.0) Z1=IX(I,J1+IX(I,J1))*K**(-IX(I,J1)) 
Z2=IXCI,J2)
IF(IX(I,J2).LT.0) Z2=IX(I,J2+IXCI,J2))«K*«C-IX(I,J2)) 
80 S22CJ1,J2)=S22(J1,J2)+IGES(I,K)*(Z1*Z2*DIK+HSUM)
90 CONTINUE 
500 CONTINUE 
RETURN 
END
SUBROUTINE READAT 
C READ DATA AND CREATE COVARIATES FOR THE PROGRAM.
C LINEAR (AND HIGHER ORDER) DEPENDENCY ON SURVIVAL CATEGORY 
C INCORPORATED BY CREATING COVARIATES WITH NEGATIVE VALUES. 
IMPLICIT DOUBLE PRECISION(A-H,0-Z)
DIMENSION IX(1700,20),IGES(1700,20),IREAD(20),ITEMC20)
COMMON /PARS/ NVAR,NWEEK,NCASE,TOL
COMMON /COVAR/ IX
COMMON /WEEKS/ IGES
COMMON /CHAN/ NCHIN,NCHOUT
COMMON /READIN/ NREAD,IREAD
DO 100 1=1,NCASE
READ(NCHIN,71) (ITEM(J),J=1,NREAD),
+(IGES(I,J),J=1,NWEEK)
71 F0RMATC2X,1611,17(1X,I5))
DO 10 J=1,NVAR
IF(IREADCJ).GT.O) IX(I,J)=ITEM(IREAD(J)) 
IF(IREADCJ).LT.O) IX(I,J)=IREAD(J)
10 CONTINUE 
100 CONTINUE
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RETURN
END
SUBROUTINE START 
C STARTING PARAMETER VALUES
IMPLICIT DOUBLE PRECISION(A-H.O-Z)
DIMENSION B(20),G(20).BLAST(20).GLAST(20)
DIMENSION IGES(1700,20),TEMP(205
COMMON /PARIT/ B.G
COMMON /PARS/ NVAR.NWEEK,NCASE,TOL
COMMON /LAST/ BLAST,GLAST
COMMON /WEEKS/ IGES
RT0T=0
C SET STARTING VALUES FOR GAMMA TO POPULATION VALUES 
DO 30 J=1,NWEEK 
30 TEMP(J)=0
DO 10 1=1,NCASE 
DO 10 J=1,NWEEK
TEMP(J)=TEMP(J)+FL0AT(IGES(I ,J))
10 RTOT=RTOT+FLOAT(IGES(I,J))
DO 20 J=1,NWEEK-1 ,
GLAST(J)=DLOG(DLOG(RTOT/(RTOT-TEMP(J))))
G(J)=GLAST(J)
20 RTOT=RTOT-TEMP(J)
IF(NVAR.EQ.O) RETURN 
C SET STARTING VALUES FOR BETA TO ZERO 
DO 60 J=1,NVAR 
B(J)=0 
60 BLAST(J)=0 
RETURN 
END
SUBROUTINE OUTPUT(NIT,DIFF)
C WRITES OUTPUT STATISTICS AND JOB INFORMATION 
IMPLICIT DOUBLE PRECISION(A-H.O-Z)
DIMENSION S11(20),S12(20,20).S22(20.20),T11(20)
DIMENSION B (20),G (20),TEM(20),IREAD(20)
CHARACTER*8 DATE 
COMMON /PARIT/B,G
COMMON /PARS/ NVAR,NWEEK,NCASE,TOL 
COMMON /INFI/ S11,S12,S22,T11 
COMMON /CHAN/ NCHIN,NCHOUT 
COMMON /READIN/ NREAD,IREAD 
CALL ICL9CEDATE(DATE)
CALL ICL9CECPUTIME(X) x x
WRITE(NCHOUT,’(30X,A8,5X,''CPU = ” ,F8.0)’) DATE,X 
WRITE(NCHOUT,71) NVAR,NWEEK,NCASE,TOL
71 FORMAT(/5X,’£ OF COVARIATES = ',13,
+/5X,'£ OF WEEKS = ',13,
+/5X,’£ OF CASES = ’,15,
+/5X,’TOLERENCE = \G11.4) xx x
WRITE (NCHOUT, ’ (/5X, ’ ’IREAD= ” , 20 (: 12, ” ,” ))’)
+ (IREAD(J),J = 1.NVAR)
WRITE(NCHOUT,72) NIT.DIFF
72 FORMAT(//IOX,'CONVERGENCE AFTER ITERATION ',15,
+/15X 'ACTUAL LL DIFFERENCE = ',G11.4)
CALL LOGLIK(RLL)
RLL=-2.*RLL 
NOPAR=NWEEK-1+NVAR
WRITE(NCHOUT,77) RLL.NOPAR . «
77 FORMAT(/5X,'-2*L0G-LIKELIH00D = ’ G14.7,2X.'WITH ',12,1 D.F») 
WRITE(NCHOUT,’(//5X.’'PARAMETER ESTIMATES' *)»)
WRITECNCHOUT,1(/6X,''GAMMAS' 1,7X,’'STANDEV'’,7X,''ALPHA'’)1)
C CALCULATES AND WRITES OUT CONFIDENCE INTERVALS FOR GAMMA 
DO 10 1=1,NWEEK-1 
TALP =DEXP(-DEXP(G(I)))
SD=SQRT(S22(I+1,1))
C1=DEXP(-DEXP(G(I)-1.96*SD))
C2=DEXP(-DEXP(G(I)+1.96*SD))
10 WRITE(NCHOUT,73) G(I),SD,TALP,C1,C2 , . .
73 FORMAT(/5X,3(G11.4.2X),2X,'(',G11 . 4 , ' ,G11.4,')1) 
IF(NVAR.EQ.O) GO TO 12
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WRITE (NCHOUT, ’ (/6X. f ’BETAS ”  ,7X,' 1STANDEV’ ’,
+6X,1’EXP(BETA)’’)’)
CALCULATES AND WRITES OUT CONFIDENCE INTERVALS FOR BETA 
DO 11 1=1,NVAR 
SD=SQRT(S22(I.I))
EXB=DEXP(B(I))
C1=DEXP(B(I)-1.96*SD)
C2=DEXP(B(I)+1.96*SD)
11 WRITE(NCHOUT,73) B(I),SD,EXB.C1,C2
12 WRITE(NCHOUT,’(/5X,’CORRELATION MATRIX OF GAMMAS1’)’) 
WRITES OUT CORRELATION MATRIX FOR GAMMAS
ITEM1=1 
15 CONTINUE 
LIM=ITEM1+4
IF(LIM.GT.NWEEK-1) LIM=NWEEK-1 
WRITE(NCHOUT,76) (I,I=ITEM1,LIM)
DO 50 1=1TEM1,NWEEK-1 
K=1
LIM=ITEM1+4 
IF(LIM.GT.I) LIM=I 
DO 55 J=ITEM1,LIM
TEM(K)=S22(I+1,J)/SQRT(S22(I+1,I)*S22(J+1, J))
55 K=K+1
50 WRITE(NCHOUT,75) I,(TEM(J),J=1,LIM-ITEM1+1)
IF(LIM.EQ.NWEEK-1) GO TO 20 
ITEM1=1TEM1+5 
GO TO 15'
20 CONTINUE
IF(NVAR.EQ.0) GO TO 100
WRITE (NCHOUT,1 (/5X, ”  CORRELATION MATRIX OF BETAS” )’) 
WRITES OUT CORRELATION MATRIX FOR BETAS 
ITEM1=1 
30 CONTINUE 
LIM=ITEM1+4
IF(LIM.GT.NVAR) LIM=NVAR
WRITE(NCHOUT,76) (I, I=ITEM1,LIM)
DO 60 I=ITEM1,NVAR 
K=1
LIM=ITEM1+4 
IF(LIM.GT.I) LIM=I 
DO 65 J=ITEM1,LIM
TEM(K)=S22(J,I)/SQRT(S22(I,I)*S22(J,J))
65 K=K+1
60 WRITE(NCHOUT,75) I,(TEM(J),J=1,LIM-ITEM1+1) 
IF(LIM.EQ.NVAR) GO T.0 80 
ITEM 1=1 TEM 1+5 
GO TO 30 
80 CONTINUE
WRITE(NCHOUT,
+ ’(/5X,” CORRELATION MATRIX OF GAMMAS & BETAS” )’) 
WRITES OUT CORRELATION MATRIX BETWEEN GAMMA AND BETA 
ITEM 1 = 1 
90 CONTINUE 
LIM=ITEM1+4
IF(LIM.GT.NVAR) LIM=NVAR 
WRITE(NCHOUT,76) (I,I=ITEM1,LIM)
DO 110 1=1,NWEEK-1 
K=1
DO 115 J=ITEM1,LIM
THM(K)=S12(I,J)/SQRT(S22(I+1,I)*S22(J,J))
115 K=K+1
110 WRITE(NCHOUT.75) I,(TEM(J),J=1,LIM-ITEM1+1) 
IF(LIM.EQ.NVAR) GO TO 100 
ITEM 1=1 TEM 1+5 
GO TO 90 
100 CONTINUE
75 FORMAT(2X,12,2X,5(1X,G11.4))
76 F0RMAT(/6X,5(3X,I2,7X))
STOP
END
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SUBROUTINE LOGLIK(RLLR)
C CALCULATES LOG LIKELIHOOD OF SOLUTION
IMPLICIT DOUBLE PRECISION(A-H,0-Z) * v
DIMENSION B (20),G(2Q),IX(1700,20),IGES(1700,20),IREAD(20)
COMMON /PARIT/ B.G
COMMON /PARS/ NVAR,NWEEK,NCASE,TOL
COMMON /READIN/ NREAD,IREAD
COMMON /COVAR/ IX
COMMON /WEEKS/ IGES
RLLR=0
DO 500 1=1,NCASE 
HSUM=0
DO 40 K=1,NWEEK
ZB=0
RLINC=0
IF(NVAR.EQ.0) GO TO 20 
DO 10 J=1, NVAR 
Z-IX(I J)
IF(IXCi.J).LT.O) Z=IX(I,J+IX(I,J))*K**(-IX(I,J))
10 ZB=ZB+B(J)*Z 
20 IFCK.EQ.NWEEK) GO TO 30 
HK=DEXP(G (K)+ZB)
RLINC=DLOG(1.-DEXP(-HK))
30 RLINC=RLINC-HSUM
RLLR=RLLR+RLINC*IGES(I,K)
40 HSUM=HSUM+HK 
500 CONTINUE 
RETURN 
END
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